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Field of invention 

The present Invention relates to methods and compounds for prevention, treatment, 
diagnosis anchor prognosis of metastasis of cancer in vivo and/or tumour 
progression in vitro or in vivo. 

Background of invention 

Malignant tumors shed ceils which migrate to new tissues and create secondary 
tumors; a benign^tumor does not generate secondary tumors. The process of - 
generating secondary tumors is called metastasis and is a complex process in which 
tumor cells colonise sites distant from the primary tumor. 

Tumor metastasis remains the major cause of morbidity and death for patients with 
cancer. One of the greatest challenges in cancer research Is to understand the basis 
of metastasis, I. e., what controls the spread of tumor cells through the blood and 
lymphatic systems and what allows tumor cells to populate and flourish in new 
locations. 

The metastatic process appears to be sequential and selective, and is controlled by 
a series of steps since metastatic tumor cells: (a) are mobile and can disseminate 
from the original tumor; (b) are capable of invading the cellular matrix and 
penetrating through blood vessels; (c) possess immunological markers, which allow 
them to survive passage through the blood stream, where they must avoid the 
immunologically active cytotoxic T" lymphocytes; and (d) have the ability to find a 
favourable location to transplant themselves and successfully survive and grow. 

Intercellular communication between host and tumor cells Is crucial to the 
remodelling of tissues that permits the growth and metastasis of cancers. Tissue 
remodelling is a process that strongly depends upon a tight regulation of local 
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expression and activation of different functional groups of proteins. Growing 
evidence demonstrates a correlation between malignancy of a tumor and 
deregulated expression of enzymes, that degrade the extracellular matrix, guidance 
molecules and their receptors, which serve to induce angiogenesis. and proteases. 
5 that recognize and cleave precursors of these enzymes and guidance molecules 
thereby activating them (Bassi et al., 2001 , Mol Carcinog 31:224-32). Thus, up- 
regulated expression of one groups of adhesion and guidance molecules, 
semaphorins, which play an important role in development, in particular nervous 
system, has been recently demonstrated In malignant tumor cells (Christensen et 
10 al., 1 998. Cancer Res 58:1 238-44). 

Semaphorins Is a large family of secreted and membrane bound molecules that are 
characterised by an extracellular - 500 amino add semaphorin domain. Sema- 
phorins were originally characterised in nervous system, where they have been in* 
plfcBlBQ J0_KRAilsive..8XOJl gufoaxje^oJodWa S* al-..1J993..Cell 75M 389-.99)..More 
recently, semaphorins have been further Implicated In the Immune response {Hall et 
al., 1996. Proc Natl Acad Sci USA 93:11780-5) and regulation of angiogenesis 
(Mlao et al., 2000. FASEB J 14:2532-9). Member of one class semaphorins. the 
class 3 secreted semaphorins (Sema3). have been shown to interact with trans- 
membrane molecules called neuropilins (NP-1 and NP-2) {Chen et al., 1997. Neuron 
1 9:547-59). Semaphorins also have other functional receptors called Plexins 
(Tamagnone et al., 1999. Cell 99:71-80). Both the semaphorins and Plexins have 
been demonstrated being expressed in tumor cells (Christensen et aL. 1998, Cancer 
Res 58:1238-44; Brambilla et al.. 2000. Am J Pathol 56:939-50; Trusolino and Co- 
25 moglio. 2002. Nature Rev Cancer 2:289-300). 
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The f unctions that semaphorins execute In different cells and tissues are contradlc 
lory. Interestingly, the role they play In different cells and tissues can sometimes be 
reversed by mechanisms, which are poorly understood to date. For example, mouse 
30 Sema3E being a repulsive cue for sensory and sympathetic neurons inducing the 
growth cone conapse, (Chen et al., 1997, Neuron 19:547-59; Miyazaki et al., 1 999, 
Neuroscience 93:401-8). in contrary, functions as a chemoattractant and neurile' 
*■ outgrowth inducer for PC12 cells (Sakai et al.. 1999. J Biol Chem 274:29666-71) 

Human SEMA3B and SEMA3F have been proposed to act es tumor suppressors 
35 (Xiang et al.. 1 996. Genomics 32:39-48; Sekido et al.. 1 996, Proc Nail Acad Sci U S 
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A 93:4120-5; Brambilla et aL, 2000. Am J Pathol 56:939-50; Tomlzawa et a!., 2001 
Proo Natl Acad Scl USA 98:13954-9). Unlike SEMA3B and SEMA3F, SEMA3C 
and SEMA3E are thought to promote tumor progression (Martin-Satue and Bblanco 
1999. J Surg Oncol 72:18-23; Yamada et al. 1997. Proo Natl Acad Sci USA 
94:14713-8; Chrlstensen et al.. 1998. Cancer Res 58:123*44; Williamson et al 
2001. Proceedings of the AACR. Vol. 42. Abs). Theae contradictory roles the sema- 
phorins play may partially be explained by a suggestion that they bind to and acti- 
vate different receptors expressed on the surface of different cells, or other mecha- 
nisms, such as. for example, extracellular proteolytic processing, may influence their 
function. It has been shown that the chemorepulsive activity of secreted sema- 
phores is regufated by furin-dependent proteolytic processing (Adams et al. 1997 
EMBO J 16:6077-86). 
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Furin is a pro-protein convertase that belongs to the group of Ca2+ -dependent ser- 
,_io&protB3se5^eaving.at palred.basic residues. Pro-protein convertases (PCs> are- 
proteases that recognise and cleave precursor proteins, e. g. hormones, growth 
factors, receptors, etc. PCs play a significant role in tissue remodelling as during 
development, as in tumor progression. Activfty of furin and other PCs has been 
demonstrated to correlate with the Invasive and metastatic potential of tumor cells 
(Bassi et al.. 2001 . Proo Natl Acad Sci U S A 98:1 0326-31 ; Bassi et al.. 2001 . Mol 
Caroinog 31:224-32). 

Secreted Sema3E is known as a repulsive guidance molecule in developing nervous 
system (Miyazaki et al.. 1999. Neurosclence 93:401-8; Pozas et al.. 2001. Mol Cell 
Neurosd 18:26-43; Castellani et al.. 2000. Neuron 27:237-49). It has recently been 
shown that SemaSE Is also expressed in some tumor cells In vivo and In vitro 
(Christensen et al.. 1 998. Cancer Res 58:1238-44; Williamson et al.. 2001 , 
Proceedings of the AACR vol.42. Abs). Expression of SemaSE In tumor cells has 
been correlated with their metastatic potential. However, the role of this protein in 
malignant tumor cells and the mechanism, which underlies the malignant 
transformation of tumor cells upon the expression of SemaSE. has not been defined. 

Summary of the invention 
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The present Invention relates to the surprising findings that the truncated foim of a 
polypeptide of the semaphorin family derived from proteolytic processing of said 
semaphorin influences cell motility and is an attractant for the lymph node and lung 
microcappaary endotelial cells. 

It ia an object of the present invention to provide a method for prevention of 
progression of an invasive disease in an individual, wherein invasion of cells, other 
organisms, or invasion of itself plays a role in disease pathogenesis, comprising (i) 
administering to said individual a sufficient amount of an agent capable of inhibiting 
expression of a polypeptide belonging to the semaphorin family of proteins, and/or 
(fl) administering to said individual a sufficient amount of an agent capable of 
inhibiting intracellular or extracellular proteolytic processing of a polypeptide 
belonging to the semaphorin family of proteins, wherein the agent Is selected from 
antibodies or fragments of antibodies directed to said polypeptide, or fragments or 
».^ariflnts.^fregme«s.ot.s^dp^|y P .epjid & an*or^ admjnisteripg.tq saidjndividual 
a sufficient amount an agent capable of Inhibiting binding a proteolytic fragment of a 
polypeptide belonging to the eemaphorin family of proteins to a receptor and thereby 
inhibiting sequential activation of said receptor, said invasive disease being selected 
from the group comprising autoimmune, infectious or neoplastic disease. 
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Another object of the invention is to provide a method for prevention of metastasis of 
cancer in wo and tumor progression in vitro or in vivo, comprising (i) administering 
directly or indirectly to cancer cells an agent capable of inhibiting expression of a 
polypeptide belonging to the semaphorin family of proteins, and/or (ii) administering 
directly or indirectly to cancer cells en agent capable of inhibiting intracellular or 
extracellular proteolytic processing of a polypeptide belonging to the semaphorin 
family of proteins, wherein the agent Is selected from antibodies or fragments of 
antibodies directed to said polypeptide, or fragments or variants of fragments of said 
polypeptide, and/or (III) administering directly or indirectly to cancer cells an agent 
capable of Inhibiting binding a proteolytic fragment of a polypeptide belonging to the 
semaphorin family of proteins to a receptor and thereby inhibiting sequential 
activation of said receptor. 

It is another object of the invention to provide a method for treatment of malignant 
forms of cancer, comprising (i) administering to an individual an effective amount of 
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an agent capable of inhibiting expression of a polypeptide belonging to the 
semaphorin family of proteins, and/or (0) administering to an individual an effective 
amount of an agent capable of Inhibiting Intracellular or extracellular proteolytic 
processing of a polypeptide belonging to the semaphorin family of proteins, wherein 
fhe agent is selected from antibodies directed to said polypeptide, or fragments or 
variants of fragments of said polypeptide, and/or (Hi) administering to an individual 
an effective amount of an agent capable of inhibiting binding a proteolytic fragment 
of a polypeptide belonging to the semaphorin family of proteins to a receptor and 
thereby inhibiting sequential activation of said receptor. 
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It is yet another objection of the Invention to provide a method for diagnosis of 
malignant cancer, comprising (I) assessing the rate of expression of a semaphorin of 
the invention in a tumor, and/or (II) detecting fragments of the semaphorin of the 
Invention in a body ..quid, such as blood, urea or faeces, and/or (iii) measuring the 

.J15 jatip^toaaoa .fMlfctengtlvsamapnotin.<*tiie^^ # 

said semaphorin in a tumour and/or a body liquid, such as blood, urea or faeces, 
and a method for prognosis of malignancy of cancer, comprising (i) assessing the 
rate of expression of the semaphorin of the invention in a tumour, and/or (fi) 
detecting fragments of the semaphorin of the Invention in a body liquid, such as 
blood, urea or faeces, and/or (iii) measuring the mtlon between a full length 
semaphorin of the invention and peptide fragments of said semaphorin in a tumour 
and/or a body liquid, such as blood, urea or faeces. 

Another important aspect of the invention relates to providing the compounds which 
are used In the methods described above. In this aspect the Invention provides 
(') an antlsense compound at about 1 9 nucleobases In length comprising 

at least an 5-nucleobase portion of the sequence eet forth in SEQ ID NO: 7 or SEQ 
ID NO: 8. which Inhibits expression of semaphorin polypeptides of the invention; 
W a peptide fragment capable of binding a proprotein convertase and 

30 thereby inhibiting the activity of said convertase: 

(iii) an isolated polyclonal antibody, natural or artificial variants, orantibody 

fragments, which specifically binds to an epitope located within a sequence of about 
10 to about 50 amino acids in length located the structural domain of a semaphorin 
polypeptide of the invention comprising a proprotein convertase cleavage site 
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RXK/RR, and thereby Inhibits the cleavage of said polypeptide on said cleavaoe 
site; 

(iv) an Isolated monoclonal antibody, natural or artificial variants, or 

peptide fragments of thereof, which specifically binds to an epitope located within a 
sequence of about 10 to about 50 amino acids in length located in the structural 
domain of a eemaphorin of the invention oomprising a proprotein convertase 
cleavage site RXK/RR, and thereby inhibits the cleavage of said polypeptide on said 
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(v) a peptide fragment derived from the sequence of a semaphorin of the 
invention, or variants thereof, capable of binding the Plexin A1 receptor without 
activating said receptor; 

(vi) a peptide fragment derived from the sequence of ectodomain of Plexin 
A1 receptor, or natural or synthetic variants thereof, capable of binding a 
polypeptide derived from proteolytic cleavage of a semaphorin of the invention by a 

„proprotelA.coovertaso»___ , 

The invention also provides a method tor producing an antibody raised against a • 
semaphorin of the Invention, or natural or artificial variants, or peptide fragments 
thereof, which specifically binds to an epitope located within a sequence of about 10 
to about 50 amino acids in length located the structural domain of said semaphorin 
comprising a proprotein convertase cleavage site RXK/RR, and thereby inhibits the 
cleavage of said protein on said cleavage site and a hybridoma cell line capable of 
producing a monoclonal antibody directed to the epitope located within said 
structural domain. 



25 



Moreover the Invention relates to the use of the provided compounds described 
above for the manufacture of a medicament for prevention and/or treatment of 
metastasis of cancer in vivo or tumour progression In vivo and in vitro, and the use 
of said compounds for the manufacture of a kit tor diagnosis and/or prognosis of 
30 malignancy of a cancer. 

In an additional aspect the invention provides a method for inhibiting activation of a 
Plexin receptor in vivo by a fragment of a semaphorin the invention derived from 
proteolytic processing said semaphorin by a proprotein convertase in cancer cells 
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comprising applying to cancer cells an agent capable of inhiblfing proteolytic 
cleavage of said semaphorin by said proproteln convertase. 

In another additional aspect the Invention relates to a method for producing an 
attractant polypeptide by establishing a cleavage product or a variant of a cleavage 
product from a repulsive polypeptide, said repufsive polypeptide being a semaphorin 
of the invention. 
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Description of Drawings 



Flflurel shows Northern hybridisations of subclass 3 semaphores (sema3A, B, C. 
E and F) to RNA from mouse mammary tumor cell lines and immortalized 
fibroblasts. 

Figure 2 demonstrates the presence of different isoforms of Sema3E In the medium 
collected from mock-transfected 67NR. 168FARN and COS-7 cells or the cells 
transfected with fulMength Sema3E, and malignant tumor CSML1000B and 66cI4 
cells. . . 

Figure 3 demonstrates that chromatographic fractions of media collected from COS- 
7 cells expressing full-length 5ema3E that contain p87: P 87-Sema3eE dimer (#5 
and#6) (C) are capable to induce neurite outgrowth from PC12E2 cells (B) and 
failes to stimulate motility of SVEOM0 cells, whereas fractions (#13 and #14) 
containing the truncated P 61-Sema3E Isoform are capable to do both the induction 
of nurites and stimulation of motility. 

Figure 4 shows ihat the presence of recombinant P 61 Isoform of SemaSE in the 
growth medium has is a stimulatory effect on neurite outgrowth from PC12E2 cells. 

Figure 5 demonstrates that the medium collected from transfected 1 68FARN and 
COS-7 cells containing secreted Sema3E has a stimulatory effect on motility of 
SVEC4-10 cells. 
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Figure 6 demonstrates a selective stimulatory effect of secreted Sema3E on motility 
of endothelial calls: the effect is significant only for LE-1 cells, but not for HSE cells 
and that Immunoprecipitatfon of SemaSE from the medium removes the stimulation 
of cell motffity. 

Figure 7 shows that the p61 isoform of Sema3E recombinant produced in yeast is 
capable of stimulating cell motility (controls: hepatic growth factor (HGF) basic 
fibroblast growth factor (bFGF). bovine serum albumine (BSA)). 
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Figure 8 demonstrates that when A - heparan sulphate proteofycan (HSPG) 
Perlican. used as a substrate for SVEC4-10 cells, the response of cells to the 
presence of Sema3e In the medium is a double increase In motility, if compared to 
cells grown on the substrate without HSPG. and B - addition of heparin to the 
medium diminishes the stimulatory effect of both HSPG and Sema3E, 

Figure 9 shows that the donas of 168FARN ceils expressing the fulWength SemaSE : 
(#14 and #2s) are capable to colonise the lungs in the experiments! metastasis 
assay. 

Figure 10 demonstrates that the expression of P 61-Sema3E In ncn-metastatic 
1 68FARN cells te sufficient to bestow the celle a capacity to colonise the tungs in the 
experimental metastasis assay (negative controls 68FARN cells expressing the 
full-length SemaSE mutated on the furin cleavage site (Sema3E(-)( + )myc) 
168FARN cells expressing alkaline phosphatase (AP); positive control: 168FARN 
celle expressing the fulHength SemaSE fused with AP (AP-Sema3E)). 

Figure 11 shows the p61 isoform of Sema3E secreted by tumor ceils in the medium 
as an attractant for endothelial cells grown In 3D cc-culture (keys to the ffgurer T - 
tumor cel. aggregate. EC - endothelial cel. aggregate; AP - tumor cells expressing 
**» phosphatase; AP.pS1-S C ma3 E - tumor cells expressing P 61-Sema3E fused 
w,th alkahne phosphotase; p-BI-SemaSE - tumor cens expressing p61-Sema3E) 
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Detailed description of the Invention 

Tha present invention provides a method for prevention of progression of an inva- 
sive disease in an individual, wherein invasion of cells, other organisms or invasion 
5 of itself plays a role in disease pathogenesis. 

1. invasive disease 

•n the present content by "invasion" is meant the ability to Invade tissues This 
encompasses mechanisms for colonisation (adherence and Initial multip.ication) 
abrtttyto bypass or overcame host mechanisms, and the production of extracelhiiar 
substances which facilitate the actual invasive process. 

The "invasive disease" of the invention is a disease, which is selected from the 
group comprising infectious, autoimmune or neoplastic diseases. In a preferred 
embodiment, the "invasrvelteease'' is neoplastic disease! 

The infectious disease of the present invention may be a disease selected from the • 
group comprising tuberculosis, sepsis. HIV/AIDS, intestinal infectious diseases • 
meningitis, encephalitis, mycoses, or parasitic diseases 



10 



15 



20 



The autoimmune disease of the present invention may be a disease selected from 
the group comprising rheumatism, lupus erythematosus, systemic sclerosis 
acroscerosis. CRST syndrome, scleroderma, or rheumatic arthritis. 

The neoplastic disease of the present invention Is for exampie cancer. The cancer of 
he ,nven«on may be cancer of lung, blood, breast, prostate, ovary, brain, kidney, 
■ever, bladder, uterus, hemopoietic tissue, metabolic or endocrine system. 

30 Tl ir 0 ' 9, ^ ° rCan0erOf Unknownori 9in. <" * Purred embodiment the 
30 cancer of the invention is lung cancer. 

Cancer cells In the present content are defined by two heritable properties: they and 
*e,r progeny are ab.e (1 , to reproduce unrestrained in defiance of the norma, 
restrains (that ls . they are neopiastic) and (2) invade and colonise territories 
36 normally reserved for other cells (that is. they are malignant). Invasiveness of cancer 
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cells usually implies an ability to break loose, enter the bloodstream or lymphatic 
vessels, and form secondary tumours, or metastases at the other distant sites in the 
body. 

5 2. The semaphorln famlfy of proteins 

The present invention in one ombodiment relates to a method for prevention of 
progression of an Invasive disease, wherein invasion of cells, other onanisms or 
invasion of itself plays a role in disease pathogenesis comprising inhibiting 
1 0 expression of a polypeptide belonging to the semaphore family of proteins. 

The semaphorin family of proteins (further termed "semaphorins-) is a family of 
repulsrve guidance factors steering axonai growth during embryogenesls. and 
inhibftng axonai regeneration after CNS injury. At present all semaphore divided 

- *f wording to 
phytogenies characteristics. All semaphorins-contain-an -500-amino acid '-' 
extracellular domain termed a semaphorin (soma) domain and a subclass specific 
C-term.nus that may contain additional sequence motifs. Semaphores also differ 
wth respect to membrane anchorage (secreted, transmembrane, and 
glycosyiphosphatidylinosrtol [G Pinked). The Semaphorin Nomenclature is defined 
in Cell 97:551 -552, 1 999. 

In the present content by -polypeptide belonging to the semaphorin family of pro- 
fans' ,s meant a polypeptide, the amino acid sequence of which has at least about 
an 50%. at least about an 60%. at least about an 70%. at least about an 80% more 
preferably at least about an 90%. even more preferably at least about an 95% and 
the most preferably at about an 97% Identity with the amino acid sequence of L 
polypeptide which is encoded by any of the DNA sequences depicted in Genbank 

' D NOS: X85993 ' ^6081. U28369.X85990, X8S994, AB000220. U28240 
Z80941. Z91947.Z93948 AB002329. U33920, U38276. X8599!. X85992. S79463 
U89535. U80800. AF073289, NM.004263, AF134918, U52840. X97817, X97818 ' 
AF030430. AF0365B5. AF069493 or AF030698. in a preferred embodiment a poly- 
pepbde. the amino add sequence of which has at least aboul an 50%. at least about 
an 60%. at least about an 70%. at least about an 80%. more preferably at least 
about an 90%. even more preferably at least about an 95%. and the most preferably 
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at about an 97% identity with the amino acid sequence of a polypeptide is encoded 
by any of the DNA sequences depicted In Genbank SEQ ID NOS: X85933. L26081 
U28369. X85990. X8S994. AB000220. U28240. Z80941. 291947. 293948. 
AB002329. or U33920, in a more preferred embodiment a polypeptide, the amino 
5 acid aequence of which has at least about an 50%. at least about an 60%. at least 
about an 70%. at least about an 80%. more preferably at least about an 90%. even . 
more preferably at least about an 95%. and the most preferably at about an 97% 
identity with the amino acid sequence of a polypeptide is encoded by any of the 
DNA sequences depicted in Genbank SEQ ID NOS: 280941. 291947. Z9394B or 
NM012431 . and in the most preferred embodiment a polypeptide, the' amino acid 
sequence of which has at least about an 50%, at least about an 60%. at least about 
an 70%, at least about an 80%. more preferably at least about an 90%, even more 
preferably at least about an 95%, and the most preferably at about an 97% Identity 
with the amino acid eequence set forth in SEQ ID NO: 1 or 2, or fagments, or natural 

3. Antlsense compound 

According to the present invention a method for prevention of progression of an in- . 
20 vasive disease in an individual, wherein invasion of cells, other organisms or inva- 
sion of itself plays a role in disease pathogenesis comprises, in one aspect, inhibit- 
ing expression of a polypeptide belonging to the semaphorin family of proteins by 
administering to said individual an agent capable of said inhibition. 
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According to the present Invention the agent capable of inhibiting expression of a 
polypeptide belonging to the semaphorin family of proteins Is In one embodiment an 
antisensa compound. 

In the present content by. -antisensa compound" is meant an oligomeric compound, 
particularly an antisenae oligonucleotide for use in modulating the lunction of nucleic 
acid molecules encoding the semaphorin of the Invention, ultimately modulating the 
amount of said semaphorin produced In tumor cells. This ia accomplished by pro- 
viding antisenae or other oligonucleotide compounds which specifically hybridize 
with one or more nucleic acids encoding the semophorins as said nucleic acids de- 
fined above. As used herein, the terms 'target nucleic acid" and "nucleic acid en- 
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coding a polypeptide of the semaphorin family of proteins * encompass DMA en- 
coding said polypeptide, RNA (including pre-mRNA and mRNA) transcribed from 
such DNA, and also cONA derived from such RNA. The specific hybridization of an 
oligomeric compound with its target nucleic add Interferes with the normal function 
5 of the nucleic acid. This modulation of function of a target nucleic acid by com- 
pounds which specifically hybridize to it is generaHy referred to as "antisense". The 
functions of DNA to be interfered with include replication and transcription. The 
functions of RNA to be interfered with Include all vital functions such as, for exam- 
ple, translocation of the RNA to the site of protein tranalation. translation of protein 
from the RNA. splicing of the RNA to yield one or more mRNA species, and catalytic 
activity which may be engaged in or facilitated by the RNA The overall effect of 
such interference with target nucleic acid function is modulation of the expression of 
semaphorin of the invention. In the context of the present invention, "modulation* 
means either an increase (stimulation) or a decrease (inhibition) in the expression of 
- a , 0§ne, In the context of the present, irwejmon Jah.ibitiqn Is the,pref erred form of 
modulation of gene expression, and mRNA is a preferred target-, h is preferred to 
target specific nucleic acids for antlsense. Targeting' an antlsense compound to a 
particular nucleic acid, In the context of this Invention. Is a muWetep process. The 
process usually begins with the identification of a nucleio acid sequence whose 
function Is to be modulated. This may be. for example, a cellular gene (or mRNA 
transcribed from the gene) whose expression is associated with a particular disorder 
or disease state, or a nucleic acid molecule from an infectious agent In the present 
invention, the target is a nucleic acid molecule encoding semaphorin of the inven- 
tion. The targeting process also includes determination of a site or sites within this 
gene for the antisense interaction to occur such that the desired effect, e.g., detec- 
tion or modulation of expression of the protein, will result. Within the contact of the 
present invention, a preferred intragenic site is the region encompassing the trans- 
lation initistion or termination codon of the open reading frame (ORF) of the gene. 
Since, as is known in the art, the translation Initiation codon is typically 5'-AUG (in 
transcribed mRNA molecules; 5'-ATG in the corresponding DNA molecule), the 
translation initiation codon is also referred to as the "AUG codon," the 'start codon" 
or the "AUG start codon". A minority of genes have a translation initiation codon 
having the RNA sequence S'-GUG. 5'-UUG or 5-CUG, and 5'-AUA, S'-ACG and S'- 
CUG have been shown to function in viva Thus, the terms translation initiation co- 
don' and 'start codon" can encompass many codon sequences, even though the 
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initiator amino acid In each Inatance Is typically methionine (in eukaryotes) or tor- 
mylmethionine (in prokaryotes). h is also known in the art that eokaryotlc and pro 
karyotio genes may have two or more alternative start codons. any one of which 
may be preferentially utilized for translation initiation in a particular cell type or fe- 
5 sue, or under a particular set of conditions. In the context of the Invention, "start co- 
don" and translation Initiation codon" refer to the oodon or codons that are used in 
wvo to initiate translation of an mRNA molecule transcribed from a gene encoding 
semaphorin of the invention, regardless of the sequence^) of such codons. 
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It is also known, in the art that a translation, termination codon (or "stop codon") of a 
gene may have one of-three sequences, i.e., 5MJAA, 5'-UAG and 5-UGA (the cor- 
responding DNA sequences are S'-TAA. S'-TAQ and 5--TGA, respectively). The 
terms "start codon region" and "translation initiation codon region" refer to a portion 
of such a mRNA or gene that encompasses from about 25 to about 50 contiguous 
nucleotides in either direction (Le.. 5" or 3") from a translation Initiation oodon. Simi- 
larly, the terms "stop oodon region" and translation termination codon region" refer 
to a portion of such an mRNA or gene that encompasses from about 25 to about 50 
contiguous nucieotldes In either direction (I.e., 5' or 3') from a translation termination 
oodon. 



The open reading frame (ORF) or "coding region." which la known in the art to refer 
to the region between the translation initiation codon and the translation termination 
codon, is also a region which may be targeted effectively. Other target regions in- 
clude the 5- untranslated region (5'UTR), known In the art to refer to the portion of an 
mRNA In the 5' direction from the translation initiation codon, and thus including nu- 
cleotides between the 5" cap site and the translation initiation codon of an mRNA or 
corresponding nucleotides on the gene, and the 3' untranslated region (3'UTR) 
known >nthearttorefertotheportionofanmRNAinthe3-directionfromthe ' 
translation termination codon. and thus including nucleotides between Ine iransla- 

-~ ~H , • _H .„ mDM A „ aannnH>nn ^ 
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Although some eukaryotio mRNA transcripts are directly translated, many may con- 
tain one or more regions, known as 'introns.- which are excised from a transcript 
before n .s translated. The remaining (and therefore translated) regions are known 
as -exons" and are spliced together to form a continuous mRNA sequence. mRNA 
spl.ce sites, i.e.. intron-exon junctions, may also be preferred target regions and are 
particularly useful in situations where aberrant splicing is implicated in disease or 
»here an overproduction of a particular mRNA splice product is implicated in dis- 
ease. Aberrant fusion junctions due to rearrangements or deletions are also pre- 
ferred targets. It has also been found that Introns can also be effective, and there- 
fore preferred, target regions for antlsense compounds targeted, for example to 
DNA or pre-mRNA. 

Once one or more target sites have been identified, oligonucleotides are chosen 
which are sufficiently complementary to the target. I.e., hybridize sufficiently well and 
with sufficient specificity, to give the desired effect 

in the context of this Invention, 'hybridization- means hydrogen bonding, which may '. 
be Watson-Crick. Hoogsteen or reversed Hoogsteen hydrogen bonding, between 
complementary nucleoside or nucleotide bases. Terms -specifically hybridizable" 
and ■■complementary" are the terms, which are used to indicate a sufficient degree of 
complementarity or precise pairing such that stable and specific binding occurs be- 
tween the oligonucleotide and the DNA or RNA target. It Is understood In the art that 
the sequence of an antlsense compound need not be 1 00% complementary to that 
of its target nucleic acid to be specifically hybrldlzable. An antlsense compound is 
specifically hybridizable when binding of the compound to the target DNA or RNA 
molecule interferes with the normal function of the target DNA or RNA to cause a 
loss of utility, and there is a sufficient degree of complementarity to avoid non- 
specific binding of the antisense compound to non-target sequences under condi- 
tio in which specific binding is desired, i.e.. under physiological conditions in the 
case of ,n wVo assays or therapeutic treatment and in the case of in wto assays 
under conditions in which the assays are performed. 
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In the context of this invention, the term "oligonucleotide- relere to an oligomer or 
polymer of ribonucleic acid (RNA) or deoxyribonucleic acid (DNA) or mimetics 
thereof. This term includes oligonucleotides composed of naturally-occurring nude- 
obases, sugars and covalent tntemucleoslde (backbone) linkages as wen as oligo- 
nucleotides having non-naturally-occurring portions which function similarly. Such 
modified or substituted oligonucleotides are often preferred over native forms be- 
cause of desirable properties such as, for example, enhanced cellular uptake, en- 
hanced affinity for nucleic acid target and increased stability in the presence of nu- 



The antisense compound in accordance with this Invention preferably comprise from 
about 8 to about SO nucleobases (i.e. from about 8 to about SO linked nucleosides), 
and even more preferably from about 12 to about 30 nucleobases. In the most pre^ 
ferred embodiment the antisense compound is any 21 nucleotide sequence derived 
from a nucleic acid sequence encoding a semaphorln polypeptide (si RNA), starting 
with two-adenines (AA) In the 5'reven more preferably- those 21 nucleotide se- 
quences starting with AA In the 5', extending to 19 nucleobases and stopping with 
two thymines OD In the 3 on the sense etrand. Selection of the sequence of siRNA 
Is preferably done as ihe following: (1) identification the starting point 75 nucleo- 
bases downstream from the start codon; (2) finding the first AA dimen (3) recording 
the next 19 nucleotides following the AA dimer. (4) calculating the percentage of 
guanosinee and cytidines (G/C content) of the AA-N„ 21-base sequence, wherein a 
preferred G/C ratio being between about 70% and about 30%, the most preferably 
is about 50%; (5) the 21-nudeobase sequence is subjected to a BLAST-search 
(NCBI database) against EST Dbrarfes to ensure that only one gene Is targeted; (6) 
if the conditions in either step 4 or 5 are not met. steps 2 to 5 are to be repeated. 
The siRNA is introduced into cells as synthetic duplex RNA consisting of the chosen 
19 nucleotide sequence in sense and antisense direction, each strand contains an 
3'overhang of either UU or dTdT. The described method fe disclosed in Hammondet 
al.. 2001. Nature :1 10-1 19; Sham, 2001 .Genes Dev 15:485-490; Elbaehir et al. 
2001. Genes Dev 15:188-200; Elbashlret al., 2001 Nature 411:494-498; Tuschl et 
al.. 1999, Genes Dev 13:3191-3197; Zamore et al.. 2000, Cell 101:25-33. 
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Wh!.e antlsonse oligonucleotides are a preferred form of antfeenee compound the 
present invention comprehends other digomeric compounds, including but not'fim- 
ited to oligonucleotide mimetics such as are described below. 

Tne present Invention is also intended to comprehend other oiigomeric compounds 
- from about 8 to about SO nucleobases in length which hybridize to the nucleic acid 
target and which inhibit expression of the target. Such compounds Include ribc- 
zymes. external guide sequence (EGS) oligonucleotides (oligozymes). and other 
short catalytic RNAs or catatytio oligonucleotides. 

As is known In the art. a nucleoside is a base-sugar combination. The base portion 
of the nucleoside is normally a heterocyc.ic base. The two most common classes of 
such heterocyclic bases are the purines and the pyrimldlnes. Nucleotides are nu- 
cleosides the, further Include a phosphate group covalentiy linked to the sugar por- 
• *Q of the nucleoside. for.those nucleosides that include a pentofuranosyl sugar 

-the 1 ,hosphateg ro up^nbelinkedtoeltherthe2•.3•or5•1 1 ydro^lmolet y ofthe , - : 
sugar. In forming oligonucleotides, the phosphate groups cova.ently link adjacent . 
nucleosides to one another to form a linear polymeric compound. In turn the respec- 
tive ends of this linear polymeric structure can be further Joined to form a circular- 
structure, however, open lineer structures are generally preferred. Within the oligo- 
nucleotide structure, the phosphate groups are commonly referred to as forming the 

rr"^ bBCkb ° ne ° f ° ,i 0° nac,TO « ds - T» norma, linkage or backbone o, 
and DNA is a 3' to 5- phosphodiester linkage. 

Specific examples of preferred compounds useful in this invention include antisense 
ol.gonucleotides containing modified backbones or non-natural Intemucleoslde link- 
ages. As defined In this specification, oligonucleotides having modified backbones 
include those that retain a phosphors atom in the backbone and those that do not 
have a phosphorus atom in the backbone. For the purposes of this specification 
and as sometimes referenced in the art. modified oligonucleotides that do not have 
a Phosphorus atom in their Intemucleoslde backbone can also be considered to be 
oflgonucfeosidee. 

TT °' i90nUde0tide baokb °" es for example, phosphorothio- 

atee. ch.ral phoaphorothioates, phosphorodithioates, phosphotriesters, aminoalkyl- 
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phosphotriestera. methyl and other alkyl phoephonates including 3'-aJkylene phos- 
Phonates and ohiral phosphonates. phosphinates, phosphoramidates including 3 1 - 
amino phosphoramidate and aminoalkylphosphoramidates. thionophosphoraml- 
dates. thionoalkylphosphonates. thionoaikyfphosphotriestera. and boranophos- 
5 phates having normal 3"-5' Dnkagea. 2'-5' linked analogs of these, and those having 
Inverted polarity wherein the adjacent pairs of nucleoside units are linked S-ff to 5 1 - 
3" or z-s to S'-Z. Various salts, mixed salts and free acid forms are also included. 

Preferred modified oligonucleotide backbones that do not include a phosphorus 
10 atom therein have backbones that are formed by short chain alkyl or cycloalkyl in- 
temucleoeide linkages, mixed heleroatom end alkyl or cycloalkyl internuoleoside 
linkages, or one or more short chain heteroatomlc or heterocyclic intemucleoside 
linkages. These include those having morpholino linkages (formed In part from the 
sugar portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and sulfone 

15 backbones:.tormacetyl and thioformacetyUjaokbones: methylene formacetyl and 

thioformacetyi backbonesralkene containing backbones; sulfamate backbones; 

methyleneimino and methylenehydrazino backbones: sulfonate and sulfonamide 
backbones; amide backbones; and others having mixed N, O. S and CH2 compo- 
nent parts. 

20 

In other preferred oligonucleotide mlmetics, both the sugar and the intemucleoside • 
linkage. I.e., the backbone, of the nucleotide units are replaced with novel groups. 
The base units are maintained for hybridization with an appropriate nucleic acid tar- 
get compound. One such oligomeric compound, en oligonucleotide mimetic that has 

25 been shown to have excellent hybridization properties. Is referred to as a peptide 
nucleic acid (PNA) (Nielsen et aL 1 891. Science 254:1497-1500). in PNA com- 
pounds, the sugar-backbone of an oligonucleotide is replaced with an amide cen- 
tering backbone, in particular an aminoethylglycine backbone. The nucleobases 
are retained and are bound directly or indirectly to aza nitrogen atoms of the amide 

30 portion of the backbone. 



35 



Oligonucleotides may also include nucleobase (often referred to in the art simply as 
"base") modifications or substitutions. As used herein, 'unmodified' or "neturai" nu- 
cleobases include the purine bases adenine (A) and guanine (G). and the pyrimidine 
bases thymine (T). cytosine (C) and urac« (U). Modified nucleobases are well known 
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In art. Detailed descriptions as well as practical advice for application of modified 
nudeobases can be found, for example, In The Concise Encyclopedia Of Polymer 
Science And Engineering, p. 85B-859, Kroschwriz ed. John Wiley & Sons. 1B90. or 
in Antisense Research and Applications, Chapter 15:289-302. Crooke and Lebleu 
5 eds. CRC Press. 1 993. 

Another modification of the oligonucleotides of the invention involves chemically 
linking to the oligonucleotide one or more moieties or conjugates which enhance the 
activity, cellular distribution or cellular uptake of the oligonucleotide. Such moieties 
1 0 include but are not limited to lipid moieties such as a cholesterol moiety (Lefsinger et 
ai.. 1989. Proc Natl Acad Sci USA 86:8553-56). cholic acid (Manoharan et al.. 1994, 
Bioorg Med Chem Let 4:1053-60). a thioether. e.g.. hexyl-S-Wtyfthfol (Manoharan et 
al., 1992, Ann NY Acad Sci 860:308-9; Manoharan et al.. 1993, Bioorg Med Chem 
Le 32765-70), a thiocholesterol (Oberhauser et al., 1 992, Nuci Acids Res 20:533-8). 
45_. an aliphatic chain. e. fl .. dodecandipLgr und.scyicesjd.^^^ 9m> ' . 

.1991.EMBOJl0:11l-i-8il<abanovetal..1990,FEBSLett258:327^330:Svinar- - - 
chuk et al., 1993. Biochimle 75:49-54), a phospholipid, e.g., di-hexadecyl-rac- 
glycerol ortriethyl-ammonium 1.2-di-0-hexadecyl-rao-glycerx>-3-H-phosphonate 
(Manoharan et al., 1995, Tetrahedron Lett 36:3651-54; Shea et al.. 1990. Nud Acids 

20 Res 18: 3777-83), a polyamine or a polyethylene glycol chain (Manoharan et al 

1995. Nucleosides & Nucleotides 14:969-973). or adamantane acetic acid (Manoha- 
ran et a)., 1995.Tetrahedron Lett 36:3651-54). a palmityl moiety (Mishra et al.. 1995 
Biochim Biophys Acta 1264229-237). or an octadecylamine or hexylamino- 
carbonyl-oxyoholesterol moiety (Crooke et al., 1996. J Pharmacol Exp Thar 

25 277:923-937). 

It is not necessaiy for ail positions in a given compound to be uniformly modified, 
and in fact more than one of the aforementioned modifications may be incorporated 
in a single compound or even at a single nucleoside within an oligonucleotide. The 
present invention also indudes antisense compounds which are chimeric com- 
pounds. "Chimeric" antisense compounds or "chimeras." In the context of this inven- 
tion, are antisense compounds, particularly oligonucleotides, which contain two or 
more chemically distinct regions, each made up of at least one monomer unit. i.e.. a 
nudeotide in the case of an oligonucleotide compound. These oligonudeotides typi- 
cally contain at least one region wherein the oligonucleotide is modified so as to 
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confer upon the oligonucleotide increased resistance to nuclease degradation, In- 
creased cellular uptake, and/or increased binding affinity tor the target nucleic acid. 
An additional region of the oligonucleotide may serve as a substrate for enzymes 
capable of cleaving RNA:DNA or RNAiRNA hybrids. By way of example, RNase H is 
a cellular endonuclease which cleaves the RNA strand of an RNA:DNA duplex Acti- 
vation of RNase H, therefore, results in cleavage of the RNA target thereby greatly 
enhancing the efficiency of oligonucleotide inhibition of gene expression. Conse- 
quently, comparable results can often be obtained with shorter oligonucleotides 
when chimeric oligonucleotides are used, compared to phosphorothloate deoxyoli- 
gonucleotrdes hybridizing to the same target region. Cleavage of the RNA target can 
be routinely detected by gel electrophoresis and. rf necessary, associated nucleic 
acid hybridization techniques known in the art. 

Chimeric antisense compounds of the Invention may be formed as composite 

sides and/or oligonucleotide mimetic^as-described aboverSuch compounds have- - 
also been referred to In the art as hybrids or gapmers. 
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The compounds in accordance with this invention may be conveniently and routinely 
made through the well-known technique of solid phase synthesis. Equipment for 
such synthesis is soid by several vendors including, for example. Applied Biosys- 
tems (Foster City. CA.). Any other means for such synthesis known in the art may 
additionally or alternatively be employed, It is well known to use similar techniques 
to prepare oligonucleotides such as the phosphorothioates and alkylated deriva- 
25 tives. 

The antisense compounds of the invention are synthesized in vitro and do not In- 
clude antisense compositions of biological origin, or genetic vector constructs de- 
signed to direct the to wVo synthesis of antisense molecules. 
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4. Proteolytic processing 

In another embodiment the present invention provides a method for prevention of 
progression of an invasive disease in an individual, wherein invasion of cells, other 
organisms or invasion of itself plays a role in disease pathogenesis, comprising 
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administering to said individual an agent capable of inhibiting intracellular or 
extracellular proteolytic processing of a polypeptide belonging to the semaphorin 
family of proteins. 

5 In vivo polypeptides are often synthesized as inactive protein precursors from which 
the active molecules have to be liberated by proteolytic cleavage. m particular this 
concerns proteine which execute their functions extraoeliulariy. Functional proteo- 
lytic cleavage of inactive precursors may take place intracellular^ by en2ymes of the 
tmns Golgl network or secretory vesicles (mat is. proteolytic processing Is Intracel- 
10 Mar"), or occurs in the extracellular fluid after the protein has been secreted (that is 
proteolytic processing is "extracellular"). Many enzymes that cleave the protein pre-' 
cursors belong to the family pro-protein convertases. which is a subfamily of serine 
proteases. 

- ... 15 The polypeptide of the inveniion belongs to the subclass 3 secreted semaphores 

ment to the subclass 3E. and in the most preferred embodiment is mouse Sema3E 
having the sequence set forth In the SEQ ID NO:1, or human SEMA3E having the 
sequence set forth in SEQ ID N02, or variants or fragments thereof 

20 

in the present context to acquire an "active state" semaphorin of the invention re- 
qu.res proteolytic processing of a polypeptide belonging to the subclass 3E sema- 
Phonns by any endopeptidase. wherein said processing is occured intracellulariy or 
extracellularly and lead to the production of a biologically active peptide fragment of 
25 said semaphorin. 

By the term "biologically active peptide fragment" in the present context Is meant a 
naturally occurring variant, proteolytic fragment or synthetic peptide comprising at 
least one of the following features: 
30 (0 having at least about an 50%, more preferably at least about an 60%. more 
preferably at least about an 70%. more preferably at least about an 80%, 
more preferably at least about an 90%, even more preferably at least about 
an 95%, and the most preferably at about an 97% identity with the amino 
acid sequence set forth in SEQ ID NO: 1 or SEQ ID NO: 2, or natural or 
35 synthetic variants of thereof, 
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C) 

(Hi) 

(Iv) 



being an attractanl for the lymph nods andfor lung mlorocapttlary endothelial 
calls, 

being capable of binding and thereby activating the receptors) for secreted 
class 3 semaphorins, 

promotes experimental metastases by at least 10% more as compared to a 
control, for example, as measured as overall weight of the tissue comprising 
metastasis andfor the number of tumor cells aurvfving after the predeter- 
mined time period, 

preferably at least two of the above features, more preferably at least three of the 
10 above features, the most preferably at least four of the above features. 

The biologically active fragment of the invention is. for example, a proteolytic frag- 
ment of Sema3E and/or SEMA3E, such as an N-terminal fragment of about 61 kDa 
as defined by SDS-PADE under reduced conditions having the sequence 



MAPAGHIb%Id.W<=WU£LWTPGHSANPSYPRLRLSHKELLELNRTSIFQSPLG- • 
FIBUHTMLLDEYQERU^GGRDLVYSLNLERVSDGYREIYWPSTAVKVEECIMKG- 
• KDANECANYIRVLHHYNRTHLLTCATGAFDPHCAFIRVGHHSEEPLFHLESHR- 
SERGRGRCPFDPNSSFVSTLVGNELFAGLYSDYWGRDSAIFRSMGKLGHIRTEH- 
20 DDERLLKEPKFVGSYMIPDNEDRDDNKMYFFFTEKALEAENNAHTIYTRVGRLCV- 
NDMGGQRILVNKWSTFLKARLVCSVPGMNGIDTYFDELEDVFLLPTRDPKNPVIF- 
GLFNTTSNIFRGHAVCVA'HMSSIREAFNGPYAHKEGPEYHvVSLYEGKVPYPRPG- 
SCASKVNGG KYGTTKDYPDDAI RFARI DPLMYQPI KP VHKKPILVKTDG KYNLR- 

QLAVDRVEAEDGQYDVLFIGTDTGIVLKVmYNQETEWMEEVILEELQIFKDPAPI- 
25 ISMEISSKRQQLYIGSASAVAQVRFHHCDMYGSACADCCLARDPYCAWDGiSCS- 
RYYPTGAHAKRRFRR (SEQ ID NO: 3) 



or 



MASAGHIITL llwgyulelwtgghtadtth PRLRLSHKEL umlnrtsifh 
SPFGFLDLHT MLLDEYQERL FVGGRDLVYS LSLERISDGY KEIHWPSTAL 

30 KMEECIMKGK DAGECANYVR VLHHYNRTHL LTCGTGAFDP VCAFIRVGYH 
LEDPLFHLES PRSERGRGRC PFDPSSSFIS TUGSELFAG LYSDYWSRDA 
AIFRSMGRLA HIRTEHDDER LLKEPKFVGS YMIPDNEDRD DNKVYFFFTE KA- 
LEAENNAH AIYTRVGRLC VNDVGGQRIL VNKWSTFLKA RLVCSVPGMN GID- 
TYFDELE DVFLLPTRDH KNPV1FGLFN TTSNIFRGHA ICVYHMSSIR 

35 AAFNGPYAHK EGPEYHWSVY EGKVPYPRPG SCASKVNGGR YGTTKDYPDD 
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AIRFARSHPL MYQAIKPAHK KPILVKTDGK YNLKQIAVDR VEAEOGQYDV 
LRGTDNG1V LKVTTIYNQE MESMEEVILE ELQIFKDPVP IISMEISSKR QQLY1G- 
SASA VAQVRFHHCD MYGSACADCC LARDPYCAWD GISCSRYYPT 
GTHAKRRFRR (SEQ ID NO: 4) 
5 or variants or homologues thereof. 

A -homologous' 1 polypeptide is defined in the present context as a polypeptide com- 
prising at least one of the following features: (i) having an amino acid sequence 
which differs by at most SO amino acids, preferably by at most 40 amino acids, pref- 
10 erably by at most 30 amino acids, preferably by at most 20 amino acids, preferably 
by at most 10 amino acids, preferably by at most 5 amino acids, more preferably by 
at most 3 amino acids, even more preferably by at most 2 amino acids, and most 
preferably by at most 1 amino acid from the amino acid sequence set forth In SEQ 
ID NO:3 or SEQ ID NO:4, <ii> being an attractant for the lymph node and/or lung ml- 
crocapillaty endothelial cells. (Ill) being capable of binding and thereby activating the - 
-receptors) for secreted class 3 semaphorlns,- and (llll)-being-capable of promoting - - 
experimental metastases by at least 1 0% more as compared to control, for example, 
as measured as overall weight of the tissue comprising metastasis and/or the num- 
ber of tumor cells surviving after the predetermined time period, more preferably at 
least two of the above features/even more preferably at least tree of the above 
features, and the most preferably at least four of the above features. 
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The degree of identity between two or more amino acid sequences may be deter- 
mined by means of computer programs known in the art such as GAP provided in 
25 the GCG program package (Needleman and Wunsch. 1970. J Mol Biol 48:443- 
453). For purposes of determining the degree of identity between two amino acid 
sequences for the present invention. GAP is used with the following settings: GAP 
creation penalty of 3.0 and GAP extension penalty of 0.1. 
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The amino acid sequences of the homologous polypeptides differ from the amino 
acid sequence set forth In SEQ ID NO:3 or SEQ ID NO:4 by an insertion or deletion 
of one or more amino acid residues and/or the substitution of one or more amino 
acid residues by different amino acid residues. Preferably, amino acid chenges are 
of a minor nature, that is. conservative amino acid substitutions that do not signifi- 
cantly affect the folding and/or activity of the polypeptide; small deletions, typically of 
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one to about 20 amino acids; smaD amino- or carboxyl-terminal extensions, such as 
an arnlno-terminal methionine residue; a small linker peptide of up to about 2-20 
residues; or a small extension that facilitates purification by changing net charge or 
another function, such as a polyhisudine tract, an antigenic epitope or a binding do- 
main. 

Examples of conservative substitutions are within the group of basic amino acids 
(such as aiginlne, lysine and histidine). acidic amino acids (such as glutamic acid 
and aspartic acid), polar amino acids (such as glutamine and aaparagine). hydro- 
phobic amino acids (such as leuoine. isoleuoine and valine), oromatio amino adds 
(such as phenylalanine, tryptophan and tyrosine) and email amino acids (such as 
glycine, alanine, serine, threonine and methionine). Amino acid substitutions which 
do not generally alterlhe specific activity are known in the art and are described, 
e-g.. by H. Neurath and R.L. Hill. 1979. in. The Proteins, Academic Press, New ' 
.York. The most commonly occurring exchanges are: Ala/Ser, Val/Ile. Asp/Glu, 
Thr/Ser. Ala/GV.-Aia/ThirSer/Asn, Ala/Val;Ser/Gly, Tyr/Phe, Ala/Pro,' Lys/Arg, " • : •' 
Asp/Asn. Leu/lle. Leu/Val. Ata/Glu. Asp/Gly as well as these In reverse. 

The biologically active fragment of the invention is a product of the proteolytic proc- 
essing of a secreted subolase 3 eemaphorin on a cleavage site having the motif 
RXRR, wherein X may be any amino acid residue, in a more preferred embodiment 
S or T, In the most preferred embodiment F. 

The semaphorin of the invention Is cleaved by a serine protease, In a more pre- 
ferred embodiment by a pro-protein convertase selected from the group comprising 
PC1/PC3, PC2, PC4. PC5/PC6. PC7/PC8. PACE4. or furin. and in the most pre- 
ferred embodiment by furin. 

Pro-protein convertases (PCs) listed above are well known in art in association with 
invasive diseases, in particular, see, for example, Bassi et al.. 2000. Mol Carcinogen 
28:63-69 for the role of PCs in cancer, or Jean et al., 2000, Proc Natl Acad Scf U S 
A. 972864-9 for viral Infection. Inhibition of PCs, lor example, furin has been shown 
results in the absent or decreased Invasiveness and tumorigenlclty of human cancer 
cells in culture (Bassi et al.. 2001, Proc. Natl. Acad. Sci. USA 96:10326-10331; 
Mercapide et al., 2002. CBn. Cancer Res. 8:1740-6) or In decrease of the production 
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of infectious human cytomegalovirus In cell culture (Jean et al, 2000, Proc NatJ Acad 
Scl U S A, 97:2864-9), Inhibitors of a ftjrin-like proteolytic activity are dicslosed in the 
above citations or In US 6,022,855, US 5,604,201 . W09951 624 or W0941 6073. 
However, the application of these compounds for in vivo use. as, for example. In the 
s course of treatment of a human patient with cancer or infectious disease may be 
limited, as they will inhibit not only the production of pathogenic molecules; but aiso 
maturation of those factors, activity of which is necessary for the defence mecha- 
nisms of said patient and are dependent on the activity of PCs. 

10 It is another aspect of the invention to provide new compounds directed to inhibition 
of PC-related proteolytic activity, of which 

(i) a compound inhibiting a PC-like proteolytic activity; 

(ii) a compound specifically inhibiting proteolytic processing s polypeptide be- 
longing to the semaphorin family of proteins by a PC-like protease. 

15 

- In yet another-aspect the Invention provides a method for producing an attraotant 

polypeptide by establishing a cleavage product from a repulsive polypeptide, said 
repulsive polypeptide being a semaphorin of the invention. In a preferred embodi- 
ment said attraotant is a polypeptide which can be characterised by at least one of 
. 20 the following features 

(0 having at least about an 50%. more preferably at least about an 60%. more 
preferably at least about an 70%. more preferably at least about an 80%. 
more preferably at least about an 90%. even more preferably at least about 
an 95%. and the most preferably at about an 97% identity with the amino 
acid sequence set forth in SEQ IO NO: 3 or SEQ ID NO: 4, or natural or 
synthetic variants of thereof. 

(if) being an atlractant for the lymph node and/or lung mlcrocaplllary endothelial 
cells, 

(Hi) being capable of binding and thereby activating the receptor(s) for secreted 
30 class 3 semaphoring 

The attraotant polypeptide of the invention may be prepared by any conventional 
method described below for production of other polypeptides of the invention. 

35 
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4.1. Inhibition of a pro-protein convertase-tlke enzymatic activity by a peptide 
fragment of a semaphorin polypeptide 

According to the invention a method for prevention of progression of an invasive 
5 disease in an individual, wherein invasion of cells, other organisms or invasion of 
itself plays a rote in disease pathogenesis comprises administering to said Individual 
an agent capable of inhibiting intracellular or extracellular proteolytic processing of a 
polypeptide belonging to the semaphorin family of proteins. 

10 In one embodiment the Invention to provide a compound directed to inhibition of a 
PC-like proteose activity. According to the invention the compound directed to in- 
hibition of a PC-like proteose activity is a peptide fragment of a semaphorin. 
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By the "peptide fragment of a semaphorin" in the present context Is meant any pep- 
tide fragment derived from. the amino acid sequence set forth in SEQ ID NO: 1 or 2, 
fragments, oMrarlante-of thereof, capable of inhibiting the-activity an proteolityc en- 
zyme assisting the production of a polypeptide of about 61 kDa as defined by SDS- 
PAGE under reduced conditions, wherein said polypeptide is characterised by at 
least one of the following features: 
20 (i) having at leaet about an 50%. more preferably al least about an 60%, mora 
preferably at least about an 70%. more preferably at least about an 80%. 
more preferably at least about an 90%. even more preferably at least about 
an 95%. and the most preferably et about an 97% identity with the amino 
acid sequence set forth in SEQ ID NO: 3 or SEQ ID NO: 4. or natural or 
25 synthetic variants of thereof, 

(ii) being an attraclant for the lymph node end/or lung mlcrocepillary endothelial 
calls, 

(SS) being capable of binding and thereby activating the receptor(s) for secreted 
class 3 semaphores, 

30 (lv) being capable of promoting the experimental metastases by at least 10% 

more as compared to a control, for example, as measured as overall weight 
of the tissue comprising metastasis and/or the number of tumor cells surviv- 
ing after the predetermined time period, 
preferably at least two of the above features, more preferably at least three of the 
above features, the most preferably at least four of the above features. 
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According to the present invention the peptide fragment of semaphorln Inhibiting a 
PC-like enzymatic activity in a preferred embodiment is a natural or synthetic 
contiguous amino acid sequence of at least 8 amino acids, such as for example a 
sequence of at least 12 amino acids, such as for example a sequence of at least 1 6 
amino acids, such as for exampfe a sequence of at least 20 amino acids, such as for 
example a sequence of at least 24 amino acids, such as for example a sequence of 
at least 28 amino acids, such as for example a sequence of at least 32 amino acids, 
such as for example a sequence of at least 38 amino acids, such as for example a ' 
sequence of at least 40 amino acids, such as for example a sequence of et least 44 
amino acids, such as for example a sequence of at least 48 amino acids, such as for 
example a sequence of at least 52 amino acids, such as for example a sequence of 
at least 68 amino adds, such as for example a sequence of at least 84. such as for 
example a sequence of at least 100 amino acids, such as for example a sequence 
of at least ISOamino acids, such as for example a sequence of at least 200 amino •■• .- 
lacids, such as forexample a sequence of at least 250-amino-acids.- such as for- ■ - • 
example a sequence of at least 300 amino acids, such as lor example a sequence 
of at least 400 emino acids, such as for example a sequence of at least 500 amino - 
acids derived from the sequence set forth in SEQ ID NO: 1 or SEQ ID NO : 2, or <= . 
variants of thereof. In another preferred embodiment said peptide fragment of 
semaphorin comprises an amino acid sequence RXK/RR. In still another preferred 
embodiment said peptide fragment of semaphorin is comprising amino acid residues 
in a range of 30 to 50 amino acid residues of the sequence LARDPYCAWD 
GISCSRYYPT GTHAKRRFRR QDVRHGNAAQ QCFGQOFVGD (SEQ ID NO: 5), 
amino acid residues being numbered from the N-termlnus of said sequence, such' as 
1-50 amino acid residues, for example 1-49 amino acid residues, such as 1-48 
amino acid residues, for example 1-47 amino acid residues, such as 1-46 amino 
acid residues, for example 1-45 amino acid residues, such as 1-44 amino acid 
residues, for example 1-43 amino acid residues, such as 1-42 amino acid residues, 
for example 1 -41 amino acid residues, such as 1 -40 amino acid residues, for 
example 1 -39 amino acid residues, such as 1-38 amino acid residues, for example 
1-37 amino acid residues, such as 1-36 amino acid residues, for example 1-35 
amino acid residues, such as 1-34 amino acid residues, for example 1-33 amino 
acid residues, such as 1-32 amino acid residues, for example 1*1 amino acid 
residues, such as 1-30 amino acid residues. In still yet another embodiment said 
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peptide fragment of semaphorin Is comprising amino acid residues In a range of 24 
to 50 amino acid residues of the sequence LARDPYCAWD GISCSRYYPT 
GTHAKRRFRR QDVRHGNAAQ QCFGQQFVGD (SEQ ID NO:6), amino acid 
residues being numbered from the N-terrninus of said sequence, such as 2-50 
5 amino acid residues, for example 3-50 amino acid residues, such as 4-50 amino 
acid residues, for example from 5-50 amino acid residues, such as 6-50 amino acid 
residues, for example 7-50 amino acid residues, such as 8-50 amino acid residues, 
for example 9-50 amino acid residues, such as 1 0-50 amino acid residues, for 
example 1 1-50 amino acid residues, such as 12-50 amino add residues, for 

10 example 1 3-50 amino acid residues, such as 1 4-50 amino acid residues, for 
example 15-50 amino acid residues, such as 16-50 amino acid residues, for 
example 17-50 amino add residues, such as 18-50 amino add residues, for 
example 19-50 amino add residues, such as 20-50 amino add residues, for 
example 21-50 amino add residues, such as 22-50 amino acid residues, tor 

1 5 * example 23-50 amino acid residues, such as 24-50 amino add residues. . . . . k„ . . 

A peptide fragment of semaphorin inhibiting a PC-like enzymatic activity of the pre- ' 
sent invention may be prepared by conventional synthetic methods, recombinant 
DNA technologies, or enzymatic cleavage of a semaphorin polypeptide. 

The methods for synthetic production of peptides are well known In art Detailed 
descriptions as well as practical advice for produdng synthetic peptides may be 
found in Synthetic Peptides: A User's Guide (Advances in Molecular Biology), Grant 
G. A. ed., Oxford University Press. 2002, or in Pharmaceutical Formufation: Devel- 
opment of Peptides and Proteins. Frokjaer and Hovgaard eds., Taylor and Francis, 
1999. 

Alternatively the peptide fragments of semaphorin inhibiting a PC-like enzymatic 
activity may be produced by use of recombinant DNA technologies. A DNA se- 
quence encoding semaphorin may be prepared as described betow and fragmented 
by digestion wfth DNAaee I according to a standard protocol (Sambrook et al.. Mo- 
lecular doning: A Laboratory manual. 2 rd ed., CSHL Press. Cold Spring Harbor. NY 
1989). 
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The semaphorin erf the invention may be encoded by a nucleic acid sequence hav- 
ing at least about an 50% Identity with the nucleic add sequence set forth In SEQ ID 
NOS: 7. 8. 9 or 10 more preferably at least about 60%, more preferably at least 
about 70%, more preferably at least about 80%, more preferably at least about 90%, 
5 even more preferably at least about 95%, and most preferably at least about 97%, 
as determined by agarose gel electrophoresis. The nucleic acid sequence may be of 
genomic, cDNA, RNA, semisynthetic, synthetic origin, or any combinations thereof. 

The degree of identity between two nucleio acid sequences may be determined by 
10 means of computer programs known in the art such as GAP provided in the GCG 
program package (Needleman and Wunsch, 1 970, J. Mo). Biol. 48:443-453). For 
purposes of determining the degree of identity between two nucleic acid sequences 
for the present invention. GAP is used with the following settings: GAP creation 
penalty of 5.0 and GAP extension penalty of 0.3. 



15 



Modification of the-nucleic acid sequences encoding semaphorin polypeptides may- 
be necessary for the synthesis of polypeptide sequences substantially simUar to said 
polypeptides. The term "substantially similar" to semaphorin polypeptides refers to 
non-naturaliy occurring forms of said polypeptides. These polypeptide sequences' 
20 may differ in some engineered way from the semaphorin polypeptides isolated from 
its native source. For example, it may be of Interest to synthesise variants of the 
semaphorin polypeptides wherB the variants differ in specific activity, mermostabllrry, 
pH optimum, or the like using, e.g., site-directed mutagenesis. The analogous se^ 
quence may be constructed on the basis of the nucleic acid sequences presented 
as SEQ ID NOS:7. 8, 9 or 10, e.g., a sub-sequence thereof, anoYor by introduction of 
nucleotide substitutions which do not give rise to another amino acid sequence of 
semaphores encoded by the nucleic acid sequences, but which corresponds to the 
codon usage of the host organism intended for production of the enzyme, or by In- 
troduction of nucleotide substitutions which may give rise to a different amino acid 
sequence. For a general description of nucleotide substitution, see, e.g., Ford et a!.- 
1991, in Protein Expression and Purification 2:95-107. 
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ft will be apparent to those skilled In the art that such substitutions can be made out- 
side the regions critical to the function of the molecule and still result in an active 
35 polypeptide sequence. Amino acid residues essential to the activity of the polypep- 
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tide encoded by the Isolated nucleic add sequence ol the Invention, and therefore 
preferably not subject to substitution, may be Identified according to procedures 
known In the art, such as site-directed mutagenesis or alanine-scanning mutagene- 
sis (see, e.g., Cunningham and Wells, 1989, Science 244:1081-1085). 

5 

The recombinant semaphorin polypeptides may also be encoded by a nucleic acid 
sequence that hybridizes to a nucleic acid sequence set forth in SEQ ID NOS: 7. 8, 
9 or 10 at low to high stringency conditions. Low to high stringency conditions are 
defined as pre-hybridization and hybridization at 42°C in 5X SSPE, 0.3% SDS, 200 
10 ug/ml sheared and denatured salmon sperm DNA and either 25, 35 or 50% form- 
amide for low, medium and high stringencies, respectively. The carrier material Is 
washed three times each for 30 minutes using 2X SSC, 0.2% SDS preferably at 
least at 50°C (very low stringency), more preferably at least at 55°C (low strin- 
gency), more preferably at least at 60 a C (medium stringency), more preferably at 

leastat-65*G (medium-high stringency) r everv more preferably at least at 70°G (high 

stringency) and" most pref eTabiy at least at 7&C (very high stringency). ~ 



— - 15- 



A DNA sequence encoding the semaphorin polypeptide may be prepared syntheti- 
cally by established standard meihods, e.g. the phosphoamidite method described 
20 by BeaucageandCaruthers, 1 981 , Tetrahedron Lett 22:1859-1869, or the method 
described by Matthes et al. ( 1984, EMBO J 3:801 -805. According to the phospho- 
amidite method, oligonucleotides are synthesized, e.g. In an automatic DNA synthe- 
sizer, purified, annealed, ligated and cloned in suitable vectors. 
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The DNA sequence may also be of genomic or cDNA origin, for Instance obtained 
by preparing a genomic or cDNA library and screening for DNA sequences coding 
for all or part of a semaphorin polypeptide by hybridization using synthetic oligonu- 
cleotide probes in accordance with standard techniques (cf. Sambrook et aL t Mo- 
lecular Cloning: A Laboratory Manual. 2nd Ed., Cold Spring Harbor. 1989). The DNA 
30 sequence may also be prepared by polymerase chain reaction using specific prim- 
era, tor instance as described in US 4,683,202 or Saiki et al., 1988, Science 
239:487-491. 



35 



The DNA sequence is then inserted into a recombinant expression vector, which 
may be any vector, which may conveniently be subjected to recombinant DNA pro- 
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cedures. The choice of vector wO often depend on the host cell Into which It Is to be 
introduced. Thus, the vector may be an autonomously replicating vector, I.e. a vec- 
tor that exists as an extrachromosomal entity, the replication of which is independent 
of chromosomal replication. e.g. a plasmid. Alternatively, the vector may be one 
which, when introduced into a host cell, is integrated into the host cell genome and 
replicated together with the chromosomefs) into which it has been integrated. 

In the vector, a DNA sequence encoding semaphrin polypeptides should be opera- 
bly connected to a suitable promoter sequence. The term 'operalively linked' refers 
to the positioning of an expression control sequence with respect to a coding DNA 
sequence of interest such that the expression control sequence controls and regu- 
lates the transcription and translation of that DNA sequence. 

The term 'operatively linked' includes having an appropriate start signal (e. g., ATG) 
- J.5 -....-Mf^onhiLQjm^^ the.correct reading 

frame to permit expression of the DNA sequence under the control of the expression 
control sequence and production of the desired product encoded by the DNA se- 
quence. If a gene or DNA sequence that one desires to insert into a recombinant 
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Field of Invention 

The present Invention relates to methods and compounds for prevention, treatment, 
diagnosis andfor prognosis of metastasis of cancer in vivo and/or tumour 
progression in vitro or in vivo. 

Background of invention 

Malignant tumors shed ceils which migrate to new tissues and create secondary 
tumors; a benign tumor does not generate secondary tumors. The process of - 
generating secondary tumors is called metastasis and is a complex process in which 
tumor cells colonise sites distant from the primary tumor. 

Tumor metastasis remains the major cause of morbidity and death for patients with 
cancer. One of the greatest challenges in cancer research Is to understand the basis 
of metastasis, I. e. t what controls the spread of tumor cells through the blood and 
lymphatic systems and what allows tumor celis to populate and flourish in new 
locations. 

The metastatic process appears to be sequential and selective, and is controlled by 
a aeries of steps since metastatic tumor ceils: (a) are mobile and can disseminate 
from the original tumor; (b) are capable of invading the cellular matrix and 
penetrating through blood vessels; (c) possess immunological markers, which allow 
them to survive passage through the blood stream, where they must avoid the 
immunologically active cytotoxic T lymphocytes; and (d) have the ability to find a 
favourable location to transplant themselves and successfully survive and grow. 

Intercellular communication between host and tumor cells Is crucial to the 
remodelling of tissues that permits the growth and metastasis of cancers. Tissue 
remodelling Is a process that strongly depends upon a tight regulation of local 
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expression and activation of different functional groups of proteins. Growing 
evidence demonstrates a correlation between malignancy of a tumor and 
deregulated expression of enzymes, that degrade the extracellular matrix, guidance 
molecules and their receptors, which serve to induce angiogenesis. and proteases, 
5 that recognize and cleave precursors of these enzymes and guidance molecules 
thereby activating them (Bassi et al., 2001 . Mol Carcinog 31 :224-32). Thus, up- 
regulated expression of one groups of adhesion and guidance molecules, 
semaphoring which play an important role in development, in particular nervous 
system, has been recently demonstrated In malignant tumor cells (Christensen et 
10 al., 1998. Cancer Res 58:1238-44). 

Semaphores Is a large family of secreted and membrane bound molecules that are 
characterised by an extracellular - 500 amino acid semaphorin domain. Sema- 
phores were originally characterised in nervous system, where they have been in* 
pBCBted JtLC9puteiv«,axoagw-daBi^(KoJodWRe!; aL.1.993..Cell 75M38g-.99)..More 
recently, semaphorins have been further implicated In the Immune response (Hall et 
al., 1996. Proc Natl Acad Soi USA 93:1 1780-5) and regulation of angiogenesis 
(Mlao et al., 2000. FASEB J 14:2532-9). Member of one class semaphorins. the 
class 3 secreted semaphorins (Sema3), have been shown to interact with trans- 
membrane molecules called neuropils (NP-1 and NP-2) (Chen et al.. 1997. Neuron 
19:547-59). Semaphorins also have other functional receptors called Plexina 
(Tamagnone et al.. 1 999. Cell 99:71-80). Both the semaphorins and Plexins have 
been demonstrated being expressed in tumor cells (Christensen et al.. 1998, Cancer 
Res 58:1238-44; Brambilla et al.. 2000, Am J Pathol 56:939-50; Trusotino and Co- 
25 moglio, 2002 , Nature Rev Cancer 2:289-300). 



:,.ts 
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The functions that semaphorins execute In different cells and tissues are contradic- 
tory. Interestingly, the role they play In different cells and tissues can sometimes be 
reversed by mechanisms, which are poorly understood to date. For example, mouse 
Sema3E being a repulsive cue for sensory and sympathetic neurons Inducing the 
growth cone collapse, (Chen et al., 1 997, Neuron 1 9:547-59; Miyazaki et al.. 1 999, 
Neuroscience 93:401-8). in contrary, functions as a chemoattractant and neurite' 
»• outgrowth inducer for PC12 cells (Sakai et al.. 1999. J Biol Chem 274:29666-71). 

Human SEMA3B and SEMA3F have been proposed to act as tumor suppressors 
(Xiang et al.. 1996. Genomics 32:39-48; Sekido et al.. 1996, Proc Natl Acad Sci U S 
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A 93:4120-5; Brambilla et aJ., 2000, Am J Pathol 56:939-50; Tomlzawa et aL. 2001, 
Proc Natl Acad Scl USA 98:13954-9). Unlike SEMA3B and SEMA3F, SEMA3C 
and SEMA3E are thought to promote tumor progression (Martin-Satue and Bblanco 
1999, J Surg Oncol 72:18-23; Yamada et aL 1997, Proc Natl Acad Sci USA 
5 94:14713-8; Chrlstensen et aJ., 1998, Cancer Res 58:123IW4; Williamson et aJ., 
2001, Proceedings of the AACR, Vol. 42. Abs). These contradictory roles the sema- 
phorlns play may partially be explained by a suggestion that they bind to and acti- 
vate different receptors expressed on the surface of different cells, or other mecha- 
nisms, such as, for example, extracellular proteolytic processing, may influence their 
10 function. It has been shown that the chemorepulsive activity of secreted sema- 
phores is regulated by furin-dependent proteolytic processing (Adams et at., 1997, 
EMBO J 16:6077-88). 

Furin is a pro-protein convertase that belongs to the group of Ca2+ -dependent ser- 

15 ioapjpteasesj=Jeaving.at palred.basic residues. Pro-protein convertases(PCs>aro„ 

proteases that recognise and cleave precursor proteins, e. g. hormones, growth 
factors, receptors, etc. PCs play a significant role in tissue remodelling as during 
development, as in tumor progression. Activity of furin and other PCs has been 
demonstrated to correlate with the Invasive and metastatic potential of tumor cells 
20 (Bassi et aL, 2001 . Proc Natl Acad Sci U S A 98:1 0326-31 ; Bass! et aL, 2001 , Mol 
Carcinog 31:224-32). 

Secreted Sema3E is known as a repulsive guidance molecule in developing nervous 
system (Miyazaki et aL, 1999, ISJeuroscience 93:401-8; Pozas et al., 2001. Mol Cell 

25 Neurosci 1 8:26-43; CasteJJani et al., 2000, Neuron 27:237-49). It has recently been 
shown that Sema3E is also expressed in some tumor cells in vivo and In vitro 
(Christensen et al., 1 998. Cancer Res 58:1238-44; Williamson et al., 2001 , 
Proceedings of the AACR vol.42. Abs). Expression of Sema3E in tumor cells has 
been correlated with their metastatic potential. However, the role of this protein in 

30 malignant tumor cells and the mechanism, which underlies the malignant 

transformation of tumor cells upon the expression of Sema3E, has not been defined. 



Summary of the invention 
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The present invention relates to the surprising findings that the truncated form of a 
polypeptide of the semaphori n family derived from proteolytic processing of said 
semaphore! influences cell motility and is an attractant for the lymph node and lung 
microcappaary endotelial cells. 

It is an object of the present invention to provide a method for prevention of 
progression of an invasive disease in an individual, wherein Invasion of cells, other 
organisms, or invasion of itself plays a role in disease pathogenesis, comprising (i) 
administering to said individual a sufficient amount of an agent capable of inhibiting 
expression of a polypeptide belonging to the semaphorin family of proteins, and/or 
(B) administering to said individual a sufficient amount of an agent capable of 
inhibiting intracellular or extracellular proteolytic processing of a polypeptide 
belonging to the semaphorin family of proteins, wherein the agent Is selected from 
antibodies or fragments of antibodies directed to said polypeptide, or fragments or 

15. ... -variflrrt&Qffregmenfeof^dpB^.e P tidi»and(or-{lil) admjnistedog.to. saidjndivjdual. 

a sufficient amount an agent capable of Inhibiting binding a proteolytic fragment of a 
polypeptide belonging to the semaphorin family of proteins to a receptor and thereby 
inhibiting sequential activation of said receptor, said invasive disease being selected 
from the group comprising autoimmune, infectious or neoplastic disease. 



10 



20 



25 



Another object of the invention is to provide a method for prevention of metastasis of 
cancer in vivo and tumor progression in vitro or in vivo, comprising (I) administering 
directly or indirectly to cancer cells an agent capable of inhibiting expression of a 
polypeptide belonging to the semaphorin famiV of proteins, and/or (II) administering 
directly or indirectly to cancer cells an agent capable of inhibiting intracellular or 
extracellular proteolytic processing of a polypeptide belonging to the semaphorin 
family of proteins, wherein the agent Is selected from antibodies or fragments of 
antibodies directed to said polypeptide, or fragments or variants of fragments of said 
polypeptide, and/or (III) administering directly or indirectly to cancer cells an agent 
capable of Inhibiting binding a proteolytic fragment of a polypeptide belonging to the 
semaphorin family of proteins to a receptor and thereby inhibiting sequential 
activation of said receptor. 

It is another object of the invention to provide a method for treatment of malignant 
35 forms of cancer, comprising (I) administering to an individual an effective amount of 



30 



8 



11/07 2002 14:25 FAI 



P682DK00 



- PVS 



@009 



10 



15. 



an agent capable of Inhibiting expression of a polypeptide belonging to the 
sernaphorin family of proteins, and/or (fl) administering to an individual an effective 
amount of an agent capabie of inhibiting intracellular or extracellular proteolytic 
processing of a polypeptide belonging to the sernaphorin family of proteins, wherein 
the agent is selected from antibodies directed to said polypeptide, orfragments or 
variants of fragments of said polypeptide, ancyor (iii) administering to an individual 
art effective amount of an agent capable of inhibiting binding a proteolytic fragment 
of a polypeptide belonging to the sernaphorin family of proteins to a receptor and 
thereby inhibiting sequential activation of said receptor. 

It is yet another objection of the Invention to provide a method for diagnosis of 
malignant cancer, comprising (0 assessing the rate of expression of a sernaphorin of 
the invention in a tumor, anoVor (ii) detecting fragments of the sernaphorin of the 
Invention in a body liquid, such as blood, urea or faeces, and/or (iii) measuring the 

^tiPaJ^j^ 

said sernaphorin in a tumour and/or a body liquid, such as blood, urea or faeces, 
and a method for prognosis of malignancy of cancer, comprising (i) assessing the 
rate of expression of the sernaphorin of the Invention in a tumour, and/or (ii) 
detecting fragments of the sernaphorin of the invention In a body liquid, such as 
blood, urea or faeces, and/or (iii) measuring the ration between a full length 
sernaphorin of the invention and peptide fragments of said sernaphorin in a tumour 
and/or a body liquid, such as blood, urea or faeces. 

Another important aspect of the invention relates to providing the compounds which 
25 are used In the methods described above. In this aspect the Invention provides 

(I) an antlsense compound at about 1 9 nucleobasee in length comprising 

at least an 5-nucteobase portion of the sequence set forth in SEQ ID NO: 7 or SEQ 
ID NO: a, which inhibits expression of sernaphorin polypeptides of the invention; 
(«) a peptide fragment capable of binding a proprotein convertase and 

30 thereby inhibiting the activity of said convertase; 

(iii) an isolated polyclonal antibody, natural or artificial variants, or antibody 

fragments, which specifically binds to an epitope located within a sequence of about 
10 to about 50 amino acids In length located the structural domain of a sernaphorin 
polypeptide of the invention comprising a proprotein convertase cleavage site 
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RXK/RR, and thereby Inhibits the cleavage of said polypeptide on said cleavage 
site; 

(iv) an isolated monoclonal antibody, natural or artificial variants, or 
peptide fragments of thereof, which specifically binds to an epitope located within a 

5 sequehce of about 1 o to about 50 amino acids in length located in the structural 
domain of a semaphorin of the invention comprising a proprotein convertase 
cleavage site RXK/RR, and thereby inhibits the cleavage of said polypeptide on said 
cleavage site, 

(v) a peptide fragment derived from the sequence of a semaphorin of the 
1 0 invention, or variants thereof, capable of binding the Plexin A1 receptor without 

activating said receptor 

( V 'J a peptide fragment derived from the sequence of ectodomain of Plexin 

A1 receptor, or natural or synthetic variants thereof, capable of binding a 
polypeptide derived from proteolytic cleavage of a semaphorin of the invention by a 

• . -.15 .„ _proproteln,co.nvjertase^__ „ 

The invention also provides a method for producing an antibody raised against a ■ 
semaphorin of the invention, or natural or artificial variants, or peptide fragments 
thereof, which specifically binds to an epitope located within a sequence of about 10 
20 to about 50 amino acids in length located the structural domain of said semaphorin 
comprising a proprotein convertase cleavage site RXK/RR, and thereby inhibits the 
cleavage of said protein on said cleavage site and a hybridoma cell line capable of 
producing a monoclonal antibody directed to the epitope located within said 
structural domain. 

25 

Moreover the Invention relates to the use of the provided compounds described 
above for the manufacture of a medicament for prevention and/or treatment of 
metastasis of cancer in vivo or tumour progression in vhro and in vitro, and the use 
of said compounds for the manufacture of a kit for diagnosis and/or prognosis of 
30 malignancy of a cancer. 

In an additional aspect the invention provides a method for inhibiting activation of a 
PJexin receptor in vivo by a fragment of a semaphorin the invention derived from 
proteolytic processing said semaphorin by a proprotein convertase in cancer cells, 
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comprising applying to cancer ceils an agent capable of inhibiting proteolytic 
cleavage of said semaphorin by said proproteln convertase. 

In another additional aspect the Invention relates to a method for producing an 
atrractant polypeptide by establishing a cleavage product or a variant of a cleavage 
product from a repulsive polypeptide, said repursive polypeptide being a semaphorin 
of the invention. 
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Description of Drawings 



Ffgurel shows Northern hybridisations of subclass 3 semaphorins <sema3A. B, C. 
E and F) to RNA from mouse mammary tumor cell lines and immortalized 
fibroblasts. 

Figure 2 demonstrates the presence of different isoforms of Sema3E In the medium 
collected from mock-ttarufected 67NR, 168FARN and COS-7 cells or the cells 
transfected with fulWength Sema3E, and malignant tumor CSML1 000B and 66cl4 



Figure 3 demonstrates that chromatographic fractions of media collected from COS- 
7 cells expressing full-length Sema3E that contain p87:p87-Sema3eE dimer (#5 
and#6) (C) are capable to Induce neurite outgrowth from PC12E2 cells (B) and 
failed to stimulate motility of SVEC4-10 cells, whereas fractions (#13 and #14) 
25 containing the truncated P 61-Sema3E isoform are capable to do both the induction 
of nurites and stimulation of motility. 



30 



Figure 4 shows that the presence of recombinant p61 isoform of Sema3E in the 
growth medium has is a stimulatory effect on neurite outgrowth from PC12E2 cells. 

Figure 5 demonstrates that the medium collected from transfected 168FARN and 
COS-7 cells containing secreted Sema3E has a stimulatory effect on motility of 
SVEC4-10 cells. 
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Hgura 6 demonstrates a selective stimulatory effect of secreted Sema3E on motility 
of endothelial cells: the affect is significant only for LE-i cells, but not for HSE cells 
and that immunoprecipitation of Sema3E from the medium removes the stimulation 
ofceUmotimy. 

Figure 7 shows that the p61 feoform of Sema3E recombinant^ produced In yeast, is 
capable of stimulating cell motility (controls: hepatic growth factor (HGF). basic 
fibroblast growth factor (bFGF). bovine serum albumine (BSA)). 
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Figure 8 demonstrates that when A - heparan aulphate proteolycan (HSPG), 
Periican. used as a substrate for SVEC4-10 cells, the response of cells to the 
presence of Sema3e In the medium is a double increase in motility, if compared to 
cells grown on the substrate without HSPG. and B - addition of heparin to the 
medium diminishes the stimulatory effect of both HSPG and Sema3E, 

Figure 9 shows that the clones of 168FARN cells expressing the full-length SemaSE 
(#14 and #2s).are capable to colonise the lungs in the experimental metastasis 



Figure 10 demonstrates that the expression of P 61-Sema3E in non-metastatic 
168FARN cells Is sufficient to bestow the cells a capacity to colonise the lungs in the 
experimental metastasis assay (negative controlerl 68FARN cells expressing the 
fulWength Sema3E mutated on the furin cleavage site (Sema3E(-)(+)myc), 
168FARN cells expressing alkaline phosphotaee (AP); positive control: 1 68 FAR N 
cells expressing the full-length Sema3E fused with AP (AP-Sema3E)>. 

Figure 11 shows the pel isoform of SemaSE secreted by tumor cells in the medium 
as an attractant for endothelial cells grown in 3D cooulture (keys to the figure: T - 
tumor cell aggregate. EC - endothelial cell aggregate; AP - tumor cells expressing 
alkaline phosphotase: AP-pB1-Sema3E - tumor cells expressing P 61-Sema3E fused 
with alkaline phosphotase; p-61-Sema3E - tumor cells expressing P 61-Sema3E) 
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Detailed description of the Invention 

The present invention provides a method for prevention of progression of an inva- 
sive disease in an individual, wherein invasion of cells, other organisms or invasion 
5 of itself plays a role in disease pathogenesis. 

1 . Invasive disease 

In the present content by Invasion" Is meant the ability to invade tissues. This 
encompasses mechanisms for colonisation (adherence and Initial multiplication), 
ability to bypass or overcame host mechanisms, and the production of extracellular 
substances which facilitate the actual Invasive process. 

The "invasive disease" of the invention is a disease, which is selected from the 

group comprising infectious, autoimmune or neoplastic diseases. In a preferred 

embodiment, the "invasive^sease ,r is neoplastic disease: 

The Infectious disease of the present invention may be a disease selected from the 
group comprising tuberculosis, sepsis. HIV/AIDS, intestinal infectious diseases. • 
meningitis, encephalitis, mycoses, or parasitic diseases. 

The autoimmune disease of the present invention may be a disease selected from 
the group comprising rheumatism, lupus erythematosus, systemic sclerosis, 
acroscierosis. CRST syndrome, scleroderma, or rheumatic arthritis 

25 

The neoplastic disease of the present invention Is for example cancer. The cancer of 
the invention may be cancer of lung, blood, breast, prostate, ovary, brain, kidney, 
lever, bladder, uterus, haemopoietic tissue, metabolic or endocrine system, 
epithelia. muscle, bone, or cancer of unknown origin. In a preferred embodiment the 
30 cancer of the invention is lung cancer. 

Cancer cells In the present content are defined by two heritable properties: they end 
their progeny are able (1) to reproduce unrestrained in defiance of the normal 
restrains (that is. they are neoplastic) and (2) invade and colonise territories 
35 normally reserved for other cells (that is. they are malignant). Invasiveness of cancer 



20 



13 



10 



11/07 2002 14:27 FAX _ pv S ©014 

P0S2DKOO 

10 

ceJis usually implies an ability to break loose, enter the bloodstream or lymphatic 
vessels, and form secondary tumours, or metastases at the other distant sites in the 
body. 

5 2. The semaphorin famify of proteins 

The present invention in one embodiment relates to a method for prevention of 
progression of an invasive disease, wherein invasion of cells, other organisms or 
invasion of itself plays a role in disease pathogenesis comprising inhibiting 
expression of a polypeptide belonging to the semaphorin family of proteins. 

The semaphorin family of proteins (further termed -semaphorins") is a family of 
repulsive guidance factors steering axonal growth during embryogenesls, and 
inhibiting axonal regeneration after CNS injury. At present ali semaphores divided 

into -^^^^ . 

phylogenlc characteristics. All semaphorins-contain-an -500-amino acid - 
extracellular domain termed a semaphorin (sema) domain and a subclass specific 
C-terminus that may contain additional sequence motifs. Semaphores also differ 
with respect to membrane anchorage {secreted, transmembrane, and 
glycosylphosphatidylrnositol [GPIJ-llnked). The Semaphorin Nomenclature is defined 
in Cell 97:551-552, 1999. 

In the present content by "polypeptide belonging to the semaphorin family of pro- 
teins- is meant a polypeptide, the amino acid sequence of which has at ieast about 
an 50%, at ieast about an 60%, at least about an 70%, at least about an 80%. more 
preferably at least about an 90%, even more preferably at least about an 95%, and 
the most preferably at about an 97% identity with the amino acid sequence of a 
polypeptide which is encoded by any of the DNA sequences depicted in Genbank 
SEQ ID NOS: X85993, L26081, U28369, X85990, X85994, AB000220, U28240, 
Z80941 , Z91947. Z93948 AB002329, U33920, U38276, X85991, X85992, S79463. 
U69535, U60800, AF073289, NM_004263 r AF134918, U52840, X97817, X97810, 
AF030430, AF0365B5, AF069493 or AF030698, in a preferred embodiment a poly- 
peptide, the amino acid sequence of which has at least about an 50%, at least about 
an 50%, at least about an 70%, at least about an 80%. more preferably at least 
about an 90%, even more preferably at least about an 95%, and the most preferably 
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at about an 97% identity with the amino acid sequence of a polypeptide Is encoded 
by any of the DNA sequences depicted in Genbank SEQ ID NOS: X85993, L26081 
U28369. X85990. XBS994. ABO00220, U28240, 280941 . 291947. 293948. 
AB002329. or U33920, in a more preferred embodiment a polypeptide, the amino 
acid sequence of which has at least about an 50%. at least about an 60%. at least 
about an 70%. at least about an 80%. more preferably at least about an 90%. even . 
more preferably at least about an 95%, and the most preferably at about an 97% 
identity with the amino acid sequence of a polypeptide is encoded by any of the 
DNA sequences depicted In Genbank SEQ ID NOS: 280941 , 291 947. Z9394B or 
NM01 2431 . and in the most preferred embodiment a polypeptide, the amino acid 
sequence of which has at least about an 50%. at least about an 60%, at least about 
an 70%. at least about an 80%. more preferably at least about an 90%, even more 
preferably at least about an 95%, and the most preferably at about an 97% identity 
with the amino acid sequence set forth in SEQ ID NO: 1 or 2, or fagmente. or natural 
1.5 . .nrniWQy&iem&tovmf...^-..,^ . .... 

3. Antisense compound • 



According to the present invention a method for prevention of progression of an in- 
vasive disease in an individual, wherein invasion of cells, other organisms or inva- 
sion of itself plays a role in disease pathogenesis comprises, in one aspect, inhibit- 
ing expression of a polypeptide belonging to the semaphorin family of proteins by 
administering to said individual an agent capable of said inhibition. 

According to the present Invention the agent capable of Inhibiting expression of a 
polypeptide belonging to the semaphorin family of proteins Is In one embodiment an 
antisense compound. 



30 



In the present content by. -antisense compound" is meant an oligomeric compound, 
particularly an antisense oligonucleotide for use in modulating the function of nucleic 
acid molecules encoding the semephorin of the invention, ultimately modulating the 
amount of said semaphorin produced in tumor celfs. This ie accomplished by pro- 
viding antisense or other oligonucleotide compounds which specifically hybridize 
with one or more nucleic acids encoding the semophorins as said nucleic acids de- 
fined above. As used herein, the terms 'target nucleic acid" and "nucleic acid en- 
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coding a polypeptide of the semaphorin family of proteins * encompass DNA en- 
coding said polypeptide, RNA (including pre-mRNA and mRNA) transcribed from 
such DNA, and also cDNA derived from such RNA. The specific hybridization of an 
oligomeric compound with its target nucleic acid Interferes with the normaJ function 
5 of the nucleic acid. This modulation of function of a target nucleic acid by com- 
pounds which specifically hybridize to it is generally referred to as -antisense*. The 
functions of DNA to be interfered with include replication and transcription. The 
functions of RNA to be interfered with include all vital functions such as r for exam- 
ple, translocation of the RNA to the site of protein translation, translation of protein 
from the RNA, splicing of the RNA to yield one or more mRNA species, and catalytic 
activity which may be engaged in or facilitated by the RNA. The overall effect of 
such interference with target nucleic add function is modulation of the expression of 
semaphorin of the invention. In the context of the present invention, •modulation- 
means either an increase (stimulation) or a decrease (inhibition) in the expression of 
-15 . . a gene. In the context of the presenting 

- modulation of gene expression, and mRNA is a preferred target; It-Is preferred to -~ 
target specific nucleic acids for antlsense. Targeting" an antlsense compound to a 
particular nucleic acid, In the context of this Invention, is a muWetep process. The 
process usually begins with the identification of a nucleic acid sequence whose 
20 function Is to be modulated. This may be, .for example, a cellular gene (or mRNA 

transcribed from the gene) whose expression is associated with a particular disorder 
or disease state, or a nucleic acid molecule from an infectious agent. In the present 
invention, the target is a nucleic acid molecule encoding semaphorin of the inven- 
tion. The targeting process also includes determination of a site or sites within this 
25 gene for the antisense interaction to occur such that the desired effect, e.g., detec- 
tion or modulation of expression of the protein, will result. Within the context of the 
present invention, a preferred intragenic site Is the region encompassing the trans- 
lation initiation or termination codon of the open reading frame (ORF) of the gene. 
Since, as is known in the art, the translation Initiation codon Is typically 5'-AUG (in 
30 transcribed mRNA molecules; 5-ATG in the corresponding DNA molecule), the 

translation initiation codon is also referred to as the "AUG codon," the "start codon" 
or the "AUG start codon". A minority of genes have a translation initiation codon 
having the RNA sequence 5'-GUG, S'-UUG or 5'-CUG, and 5'-AUA, 5'-ACG and 5'- 
CUG have been shown to function in vivo. Thus, the terms "translation initiation co- 
35 don" and 'start codon" can encompass many codon sequences, even though the 
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initiator amino acid In each Instance Is typically methionine (in eukaryotes) or tor- 
mylmethionine (in prokan/otes). It is also known in the art that eukajyotic and pro- 
kaiyotic genes may have two or more alternative start codons. any one of which 
may be preferentially utilized for translation initiation In a particular cell type or tis- 
5 sue, or under a particular set of conditions. In the context of the Invention, "start co- 
don' and translation Initiation codon' refer to the codon or codons that are used In 
vivo to initiate translation of an mRNA molecule transcribed from a gene encoding 
samaphorin of the invention, regardless of the sequenced) of such codons. 

.10 It is also known, in the art that.a translation termination codon (or "stop codon") of a 
•gene may have one of-three sequences, i.e., 5'-UAA, 5'-UAG and S-UGA (the cor- 
responding DNA sequences are S'-TAA. S'-TAQ and 5'-T6A, respectively). The 
terms "start codon region" and translation initiation codon region- refer to a portion 
of such a mRNA or gene that encompasses from about 25 to about 50 contiguous 
15 nucleotidea in either direction (Le.. 5 1 or 3') from a translation Initiation codon. Simi- 
larly, the terms "stop codon region" and translation termination codon region" refer 
to a portion of such an mRNA or gene that encompasses from about 25 to about 50 
contiguous nucleotides In either direction (I.e.. 5' or 3 1 ) from a translation termination 
codon. 

20 

The open reading frame (ORF) or -coding region." which la known in the art to refer 
to the region between the translation initiation codon and the translation termination 
codon, Is also a region which may be targeted effectively. Other target regions in- 
clude the 5- untranslated region (5UTR). known In the art to raferto the portion of an 
25 mRNA in the 5' direction from the translation initiation codon. and thus including nu- 
cleotides between the 5' cap site and the translation initiation codon of an mRNA or 
corresponding nucleotides on the gene, and the 3' untranslated region (3'UTR). 
known in the art to refer to the portion of an mRNA in the 3" direction from the ' 
translation termination codon, and thus including nucleotides between the transla- 
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ferred target region. 

Although some eukaryotic mRNA transcripts are directty translated, many may con- 
tain one or more regions, known as "introns," which are excised from a transcript 
5 before it is translated. The remaining (and therefore translated) regions are known 
as "exons" and are spliced together to form a continuous mRNA sequence. mRNA 
splice sites, Le., intron-exon junctions, may also be preferred target regions, and are 
particularly useful in situations where aberrant splicing is implicated in disease, or 
where an overproduction of a particular mRNA splice product is implicated in dis- 
10 ease. Aberrant fusion Junctions due to rearrangements or deletions are also pre- 
ferred targets. It has also been found that Introns can also be effective, and there- 
fore preferred, target regions for antlsense compounds targeted, for example, to 
DNA orpre-mRNA. 

. . 15 Once one or more target sites have been identified, oligonucleotides are chosen 
with sufficient specificity, to give the desired effect 
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in the context of this invention, 'hybridization- means hydrogen bonding, which may 
be Watson-Crick. Hoogsteen or reversed Hoogsteen hydrogen bonding, between 
complementary nucleoside or nucleotide bases. Terms 'specifically hybridizable" 
and "complementary" are the terms, which are used to indicate a sufficient degree of 
complementarity or precise pairing such that stable and specific binding occurs be- 
tween the oligonucleotide and the DNA or RNA target. It Is understood in the art that 
the sequence of an antlsense compound need not be 1 00% complementary to that 
of its target nucleic acid to be specif Ically hvbridizabJe. An antisense compound is 
specifically hybridizable when binding of the compound to the target DNA or RNA 
molecule interferes with the normal function of the target DNA or RNA to cause a 
loss of utility, and there is a sufficient degree of complementarity to avoid non- 
specific binding of the antisense compound to non-target sequences under condi- 
tions in which specific binding is desired, i.e., under physiological conditions in the 
case of in vivo assays or therapeutic treatment, and In the case of in vhrv assays, 
under conditions in which the assays are performed. 
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In the context of this invention, the term "oligonucleotide - raters to an oligomer or 
polymer of ribonucleic acid (RNA) or deoxyribonucleic acid (DNA) or mimetics 
thereof. This term includes oligonucleotides composed of naturally-occurring nude- 
obases, sugars and covalent Internucleoside (backbone) linkages as wen as oHgo- 
5 nucleotides having non-naturally-occuning portions which function similarly. Such 
modified or substituted oligonucleotides are often preferred over native forms be- 
cause of desirable properties such as, for example, enhanced cellular uptake, en- 
hanced affinity for nucleic acid target and increased stability in the presence of nu- 
cleases. 

10 

The antisense compound in accordance with this Invention preferably comprise from 
about 8 to about 50 nucleobases (i.e. from about 8 to about 50 finked nucleosides), 
and even more preferably from about 12 to about 30 nucleobases. In the most pre- 
ferred embodiment the antisense compound is any 21 nucleotide sequence derived 

15 ff0m * nuc| e»c acid sequence encoding a semaphorin polypeptide (siRNA), starting 

witn *wo-adenifies (AA) In the 5'reven more preferably- those 21 nucleotide se- 
quences starting with AA in the 5', extending to 19 nucleobases and stopping with 
two thymines (TT) In the 3'on the sense strand. Selection of the sequence of siRNA 
Is preferably done as the following: (1) identification the starting point 75 nucleo- 
20 bases downstream from the start codon; (2) finding the first AA dimen (3) recording 
the next 19 nucleotides following the AA dimen (4) calculating the percentage of 
guanosines and cytldines (G/C content) of the AA«N„ 21-base sequence, wherein a 
preferred G/C ratio being between about 70% and about 30%, the most preferabfy 
is about 50%; (5) the 21-nudeobase sequence is subjected to a BLAST-search 
25 (NCBI database) against EST Bbrarfes to ensure that only one gene Is targeted; (6) 
if the conditions in either step 4 or 5 are not met, steps 2 to 5 are to be repeated. 
The siRNA is introduced into cells as synthetic duplex RNA consisting of the chosen 
19 nucleotide sequence in sense and antisense direction, each strand contains an 
3 overhang of either UU or dTdT. The described method Is disclosed m Hammondet 
30 al., 2001, Nature :1 10-119; Sharp, 2001,Genes Dev 15:485-490; Elbashir et al., 
2001, Genes Dev 15:188-200; Bbashiret al., 2001 Nature 411:494-498; Tuschl at 
al., 1999, Gene$ Dev 13:3191-3197; Zamore et al.. 2000, Cell 101:25-33. 
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While amisense oligonucleotides are a preferred form of arrfeense compound, the 
present invention comprehends other oligomeric compounds, including but not' lim- 
ited to oligonucleotide mimattcs such as are described below. 

S IHe present invention is also Intended to comprehend other oligomeric compounds 
- from about 8 to about SO nucleobases in length which hybridize to the nucleic acid 
target and which inhibit expression of the target. Such compounds Include ribo- 
rymes, externa! guide sequence (EGS) oligonucleotides (oligozymes). and other 
short catalytic RNAs or catalytic oligonucleotides. 
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As is known in the art, a nucleoside is a base-sugar combination. The base portion 
of the nucleoside is normally a heterocyclic base. The two most common classes of 
such heterocyclic bases are the purines and the pyrimldtnes. Nucleotides are nu- 
cleosides thai further Include a phosphate group oovalently linked to the sugar por- 
■ Hon of the nucleoside, Bir.those nucleosides that include a pentofurenosyl sugar, 
-the-phosphate group-can be linked to either the 2\ 3' or5"hydrexyl moiety of the ' - 
sugar, in forming oligonucleotides, the phosphate groups covalently link adjacent - 
nucleosides to one another to form a linear polymeric compound. In turn the respec- 
tive ends of this linear polymeric structure can be further joined to form a circular- 
structure, however, open linear structures are generally preferred. Within the oligo- 
nucleotide structure, the phosphate groups are commonly referred to as forming the 
mtemucleoside backbone of the oligonucleotide. The normal linkage or backbone of 
RNA and DNA is a 3' to 5' phosphodiester linkage. 

Specific examples of preferred compounds useful in this invention include antisense 
oligonucleotides containing modified backbones or non-natural Intemucleoslde link- 
ages. As defined In this specification, oligonucleotides having modified backbones 
Include those that retain a phosphorus atom in the backbone and those that do not 
have a phosphorus atom in the backbone. For the purposes of this specification, 
and as sometimes referenced in the art, modified oligonucleotides that do riot have 
a phosphorus atom in their internuoleoside backbone can also be considered to be 
oligonucleotides. 

Preferred modified ofigonucleotide backbones include, for example, phosphorothio- 
ates. ctiiral phosphorothioates, phosphorodithioates. phosphotriestera, aminoalkyl- 
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phosphotriestera, methyl and other aikyi phosphorates including S'-aikylene phos- 
phonates and chiral phosphonates, phosphinates, phosphoramidates including 3 1 - 
amino phosphoramidate and ammoalkylphosphorarnidates, thionophosphoraml- 
dates, thianoalkylphosphonates, thionoalkyfphosphotriestera, and boranophos- 
5 phates having normal &-5 1 linkages, 2 , -5' linked analogs of these, and those having 
inverted pofarity wherein fhe adjacent pairs of nucleoside units are linked 3-5* to 5*- 
3* or 2 , -5 l to S'-?. Various salts, mixed salts and free acid forms are also included. 



Preferred modified oligonucleotide backbones that do not include a phosphorus 
1 0 atom therein have backbones that are formed by short chain alkyl or cydoalkyl in- 
temucleoside linkages, mixed heleroatom and alkyl or cydoalkyl internucleoside 
linkages, or one or more short chain heteroatomlc or heterocyclic internucleoside 
linkages. These include those having morpholino linkages (formed In part from the 
sugar portion of a nucleoside); siloxane backbones; sulfide, sulfoxide and sulfone 
tS backbones;-forrnacetyl.and thiofonnacetyj backbones; methylene formacetyl.and _\; 
- - • ■ ■ thioformacetyl backbonesralkene containing backbones; sulfamate backbones; 

methyleneimino and methylenehydrazino backbones: sulfonate and sulfonamide 
backbones; amide backbones; and others having mixed N. O, S and CH2 compo- 
nent parts. 

20 

In other preferred oligonucleotide mimetics, both the sugar and the internucleoside 
linkage, I.e., the backbone, of the nucleotide units are replaced with novel groups. 
The base units are maintained for hybridization with an appropriate nucleic acid tar- 
get compound. One such oiigomeric compound, an oligonucleotide mimetic that has 

25 been shown to have excellent hybridization properties, Is referred to as a peptide 
nucleic acid (PNA) (Nielsen et al. 1991, Science 254:1497-1500). In PNA com- 
pounds, the sugar-backbone of an oligonucleotide is replaced with an amide con- 
taining backbone, in particular an aminoethylglycine backbone. The nucleobases 
are retained and are bound directly or Indirectly to aza nitrogen atoms of the amide 

30 portion of the backbone. 



Oligonucleotides may also include nucleobase (often referred to in the art simply as 
"base - ) modifications or substitutions. As used herein, •unmodified" or "natural* nu- 
cleobases include the purine bases adenine (A) and guanine (G), and the pyrimidine 
bases thymine (T), cytosine (C) and uracil (U). Modified nudeobases are well known 
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In art. Detailed descriptions as well as practical advice for application of modffled 
nucieobases can be found, for example, In The Concise Encyclopedia Of Polymer 
Science And Engineering, p. 85B-B59, Kroschwitz ed. John WUey & Sons, 1990. or 
in Antisense Research and Applications, Chapter 1 5:289-302, Crooke and Lebleu 
5 eds. CRC Press, 1993. 

Another modification of the oligonucleotides of the invention involves chemically 
linking to the oligonucleotide one or more moieties or conjugates which enhance the 
activity, cellular distribution or cellular uptake of the oligonucleotide. Such moieties 
1 0 include but are not limited to lipid moieties such as a cholesterol moiety (Letsinger et 
ai., 1989, Proc Natl Acad ScI USA 86:6553-56), cholic acid (Manoharan at al., 1994, 
Bioorg Med Chem Let 4:1053-60), a thioether. e.g., hexyl-S-tritytthiol (Manoharan et 
ai„ 1992. Ann NY Acad Sci 660:308-9; Manoharan et al, 1993, Bioorg Med Chem 
Le 3:2765-70), a thiocholesterol (Oberhauser et al., 1992, Nud Acids Res 20:533-8), 

_ „J5._ an aliphatic chain, e.^., dpdecandipLpr undecyj,^ . _ 

1991 * EM8 ° J 1( >:1 1 11-8; Kabanov et al., 1990, FEBS Lett 259:327-330; Svinar- - - 
chuk et at.. 1993, Biochlmle 75:49-54), a phospholipid, e.g., di-hexadecyl-rac- 
glycerol prtriethyl^mmonium 1,2^i<>-h8xadecyl-rac-g!ycero-3-H-phosphonate 
(Manoharan et a!., 1995, Tetrahedron Lett 36:3651-54; Shea et al.. 1990, Nud Adds 
20 Res 18: 3777-83), a polyamine or a polyethylene glycol chain (Manoharan et al., 

1995. Nucleosides & Nucleotides 14:969-973), or adamantane acetic acid (Manoha- 
ran et al., 1995,Tetrahedron Lett 36:3651-54), a palmityl moiety (Mishra et al., 1995. 
Biochim Biophys Acta 1264:229-237), or an octadecylamine or hexylamino- 
carbonyl-oxyoholesterol moiety (Crooke et aL, 1 996, J Pharmacol Exp Thar 
25 277:923-937). 

It is not necessary for all positions in a given compound to be uniformly modified, 
and in fact more than one of the aforementioned modifications may be incorporated 
in a single compound or even at a single nucleoside within an oligonucleotide. The 

30 present invention also indudes antlsense compounds which are chimeric com- 
pounds. "Chimeric" antisense compounds or "chimeras," In the context of this inven- 
tion, are antisense compounds, particularly oligonucleotides, which contain two or 
more chemically distinct regions, each made up of at ieast one monomer unit, i.e., a 
nucleotide in the case of an oligonucleotide compound. These oligonudeotides typi- 

35 cally contain at least one region wherein the oligonucleotide is modified so as to 
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confer upon the oligonucleotide increased resistance to nuclease degradation, In- 
creased cellular uptake, and/or increased binding affinity tor the target nudaic acid. 
An additional region of the oligonucleotide may serve as a substrate for enzymes 
capable of cleaving HNAiONA or RNArRNA hybrids. By way of example. RNase H is 
5 a cellular endonucleaae which cleaves the RNA strand of an RNA:DNA duplex. Acti- 
vation of RNase H, therefore, results in cleavage of the RNA target, thereby greatly 
enhancing the efficiency of ofigonucleotide inhibition of gene expression. Conse- 
quently, comparable results can often be obtained with shorter oligonucleotides 
when chimeric oligonucleotides are used r compared to phosphorothloate deoxyoli- 
1 0 gonucleotides hybridizing to the same target region. Cleavage of the RNA target can 
be routinely detected by gel electrophoresis and. if necessary, associated nucleic 
add hybridization techniques known in the art. 

Chimeric antisense compounds of the Invention may be formed as composite 
15. _ -etn^ra&Sttwiftpu^ . 
sides and/or oligonucleotide mimetics-asrxjescribed aboverSuch compounds have- - 
also been referred to in the art as hybrids or gapmers. 

The compounds in accordance with this invention may be conveniently and routinely : 
20 made through the well-known technique of solid phase synthesis. Equipment for 
such synthesis is soCd by several vendors including, for example, Applied Biosys- 
tems (Foster City. CA.). Any other means for such synthesis known in the art may 
additionally or alternatively be employed. It is well known to use simUar techniques 
to prepare oligonucleotides such as the phosphorothioates and alkylated deriva- 
25 tives. 



The antisense compounds of the Invention are synthesized In vitro and do not In- 
clude antisense compositions of biological origin, or genetic vector constructs de- 
signed to direct the In vivo synthesis of antisense molecules. 

4. Proteolytic processing 



In another embodiment the present invention provides a method for prevention of 
progression of an invasive disease in an individual, wherein invasion of cells, other 
organisms or invasion of itself plays a role in disease pathogenesis, comprising 
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administering to said individual an agent capable of inhibiting intracellular or 
extracellular proteolytic processing of a polypeptide belonging to the semaphorin 
family of proteins. 

5 In vivo polypeptides are often synthestsed as inactive protein precursors from which 
the active molecules have to be liberated by proteolytic cleavage, in particular this 
concerns proteins whioh execute their functions extraoeflularty. Functional proteo- 
lytic cleavage of inactive precursors may take place intracellular^ by enzymes of the 
trans Golgl network orsecrefcwy vesicles (that is, proteolytic processing Is Intracel- 
lular-), or occur© in the extracellular fluid after the protein has been secreted (that is 
proteolytic processing is "extracellular-)- Many enzymes that cleave the protein pre-' 
cursors belong to the family prc-protein convertases, which is a subfamily of serine 
proteases. 

.15 The polypeptide of the Invention belongs to me subclass 3 secreted semaphorlns 

- defined according to the Seniaphorln Nomenctature.H^a more prefernad embodl- 

ment to the subclass 3E. and In the most preferred embodiment is mouse Sema3E 
having the sequence set forth In the SEQ ID NO:1, or human SEMA3E having the 
sequence set forth in SEQ ID N02, or variants or fragments thereof 

20 

in the present context to acquire an "active state" semaphorin of the invention re- 
quires proteolytic processing of a polypeptide belonging to the subclass 3E sema- 
phores by any endopeptidase. wherein said processing is occured intracellulariy or 
extracellulariy and lead to the production of a biologically active peptide fragment of 
25 said semaphorin. 

By the term "biologically active peptide f ragmen!" in the present context Is meant a 
naturally occurring variant, proteolytic fragment or synthetic peptide comprising at 
least one of the following features; 
30 (i) having at least about an 50%, more preferably at least about an 60%. more 
preferably at least about an 70%, more preferably at least about an 80%. 
more preferably at least about an 90%, even more preferably at least about 
an 95%, and the most preferably at about an 97% identity with the amino 
acid sequence set forth in SEQ ID NO: 1 or SEQ ID NO: 2, or natural or 
35 synthetic variants at thereof, 



24 



11/07 2002 14:32 FAX 



PVS 



©025 



21 



(il) being an attractant for the lymph node anchor lung mlcrocaplllary endothelial 
cells, 

(ifl) being capable of binding and thereby activating the receptor(s) for secreted 
class 3 semaphoring 

5 (Iv) promotes experimental metastases by at least 1 0% more as compared to a 
control, for example, as measured as overall weight of the tissue comprising 
metastasis and/or the number of tumor cells surviving after the predeter- 
mined time period, 

preferably at least two of the above features, more preferably at least three of the 
10 above features, the most preferably at least four of the above features. 

The biologically active fragment of the invention is, for example, a proteolytic frag- 
ment of SemaSE and/or SEMA3E, such as an N-terminal fragment of about 61 kDa 
as defined by SDS-PADE under reduced conditions having the sequence 

15 _ . . 

MAPAGH I UftlsLWGHUiELWTPG HSANPSYPRLRLSHKELLELN RTSI FQS PLG- - 
FUDLHTMLLDEYQERU^GGRDL^ • 
• KDANECANYIRN^HHYNRTHLLTCATGATO 

SERGRGRCPFDPNSSFVSTLVGNELFAGLYSDYWGRDSAIFRSMGKLGHIRTEH- 
20 DDERLLKEPKFVGSYMIPDNEDRDDNKMYFFFTH<ALEAENNAHTIYTRVGRLCV- 
NDMGGQRILVNKWSTFLKARLVCSVPGMNGIDT^ 
GLRSTTTSNIFRGHAVCW 

SCASKVNGGKYGTTKDYPDDAiRFARIDPLMYQPIKPV^ 

QLAWRVEAEDGQYD\^FIGTDTGIVLXVmYNQETEWMEEVILEELQIFKDPAPI- 
?5 ISMEISSKRQQLYIGSASAVAQVRFHHCDMYGSACADCCLARDPYCAWDG1SCS- 
RYYPTGAHAKRRFRR (SEQ ID NO: 3) 
or 

MASAGHIITL LLWGYLLELW TGGHTADTTH PRLRLSHKEL LNLNRTSJFH 
SPFGFLDLHT MLLDEYQERL FVGGRDLVYS LSLERISDGY KEIHWPSTAL 

(0 KMEECIMKGK DAGECANYVR VLHHYNRTHL LTCGTGAFDP VCAFIRVGYH 
LEDPLFHLES PRSERGRGRC PFDPSSSFIS TUGSELFAG LYSDYWSRDA 
AIFRSMGRLA HIRTEHDDER LLKEPKFVGS YMIPDNEDRD DNKVYFFFTE KA- 
LEAENNAH AIYTRVGRLC VNDVGGQRIL VNKWSTFLKA RLVCSVPGMN GID- 
TYFDELE DVFLLPTRDH KNPVIFGLFN TTSNIFRGHA ICVYHMSSIR 

5 AAFNGPYAHK EGPEYHWSVY EGKVPYPRPG SCASKVNGGR YGTTKDYPDD 
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AIRFARSHPL MYQA1KPAHK KPILVKTDGK YNLKQIAVDR VEAEOGQYDV 
LF1GTDNGIV LKVITIYNQE MESMEEVILE ELQIFKDPVP IISMEJSSKR QQLYIG- 
SASA VAQVRFHHCD MYGSACADCC LARDPYCAWD GISCSRYYPT 
GTHAKRRFRR (SEQ ID NO: 4) 
or variants or homologues thereof. 

A "homologous" polypeptide is defined in the present context as a polypeptide com- 
prising at least one of the following features: (i) having an amino acid sequence 
which differs by at most 50 amino acids, preferably by at most 40 amino acids, pref- 
erably by at most 30 amino acids, preferably by at most 20 amino acids, preferably 
by at most 10 amino acids, preferably by at most 5 amino acids, more preferably by 
at most 3 amino acids, even more preferably by at most 2 amino acids, and most 
preferably by at most 1 amino acid from the amino acid sequence set forth In SEQ 
ID NO:3 or SEQ ID NO:4, (ii) being an attractant for the lymph node and/or lung ml- 
crocapillary endothelial cells, (III) being capable of binding and thereby activating the -•' 
-receptor(s) for secreted class 3 semaphoring and {llfl)-being-capable of promoting - - 
experimental metastases by at least 10% more as compared to control, for example, 
as measured as overall weight of the tissue comprising metastasis and/or the num- 
ber of tumor cells surviving after the predetermined time period, more preferably at 
least two of the above features, even more preferably at least tree of the above 
features, and the most preferably at least four of the above features. 

The degree of identity between two or more amino acid sequences may be deter- 
mined by means of computer programs known in the art such as GAP provided in 
the GCG program package {Needleman and Wunsch. 1970, J Mol Biol 48:443- 
453). For purposes of determining the degree of identity between two amino acid 
sequences for the present invention, GAP Is used with the following settings: GAP 
creation penalty of 3.0 and GAP extension penalty of 0.1. 

The amino acid sequences of ihe homologous polypeptides differ from the amino 
acid sequence set forth In SEQ ID NO:3 or SEQ ID NO:4 by an insertion or deletion 
of one or more amino acid residues and/or the substitution of one or more amino 
acid residues by different amino acid residues. Preferably, amino acid changes are 
of a minor nature, that is, conservative amino acid substitutions that do not signifi- 
cantly affect the folding and/or activity of the polypeptide; small deletions, typically of 
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one to about 20 amino acids; smaD amino- or carboxyJ-termlnaJ extensions, such as 
an amlno-terminal methionine residue; a small linker peptide of up to about 2-20 
residues; or a small extension that facilitates purification by changing net charge or 
another function, such as a polyhistidine tract, an antigenic epitope or a binding do- 
5 main. 

Examples of conservative substitutions are within the group of basic amino acids 
(such as arginlne, lysine and histldine). acidic amino adds (such as glutamic acid 
and aspartic acid), polar amino acids (such as glutamine and asparagine). hydro- 

1 0 phobic amino acids (such as leuoine, isoleuclne and valine), aromatic amino acids 
(such as phenylalanine, tryptophan and tyrosine) and email amino acids (such as 
giydne, alanine, serine, threonine and methionine). Amino acid substitutions which 
do not generally alter the specific activity are known in the ait and are described, 
e-g.. by H. Neurath and R.L. Hill. 1 979, in, The Proteins, Academic Press, New 

15 .York. The most commonly occurring exchanges are: Ala/Ser, Val/Ile, Asp/Glu, 

Asp/Asn. Leu/lle. Leu/Val. Ala/Giu, Asp/Gly as well as these in reverse. 

The biologically active fragment of the Invention is a product of the proteolytic proc- 
20 essing of a secreted subolase 3 cemaphorin on a cleavage site having the motif 

RXRR, wherein X may be any amino acid residue, in a more preferred embodiment 
S or T, In the most preferred embodiment F. 



25 



The semaphorin of the invention is cleaved by a serine protease, in a more pre- 
ferred embodiment by a pro-protein convertase selected from the group comprising 
PC1/PC3, PC2, PC4, PC5/PC6, PC7/PC8, PACE4. or furin, and in the most pre- 
ferred embodiment by furin. 

Pro-protein convertases (PCs) listed above are well known in art in association with 
30 invasive diseases, in particular, see, for example, Bassi et a!.. 2000, Mol Carcinogen 
28:63-69 for the role of PCs in cancer, or Jean et al., 2000, Proo Natl Acad Scf U S 
A, 972864-9 for viral Infection. Inhibition of PCs, for example, furin has been shown 
results in the absent or decreased Invasiveness and tumorigenlcrry of human cancer 
cells in culture (Bassi et al.. 2001. Proc. Natl. Acad. Set. USA 98:10326-10331 ; 
Mercapide et al., 2002, CBn. Cancer Res. 8:1740-6) or In decrease of the production 
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of infectious human cytomegalovirus In ceO culture (Jean et al, 2000, Proc NatJ Acad 
Scl U S A, 97:2864-9). Inhibitors of a furin-Iike proteolytic activity are dicstosed in the 
above citations or In US 6,022,855, US 5,604,201 . WOS951 624 or W0941 6073. 
However, the application of these compounds for in vivo usa. as, for example, In the 
5 course of treatment of a human patient with cancer or infectious disease may be 
limited, as they will inhibit not only the production of pathogenic molecules; but also 
maturation of those factors, activity of which is necessary for the defence mecha- 
nisms of said patient and are dependent on the activity of PCs. 
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It is another aspect of the invention to provide new compounds directed to inhibition 
of PC-related proteolytic activity, of which 
(i) a compound inhibiting a PC-ilke proteolytic activity; 
pi) a compound specifically inhibiting proteolytic processings po/ypeptfde be- 
longing to the semaphorin family of proteins by a PC-like protease. 



- - In yet anotherospect the Invention provides a method for producing an attractant 
polypeptide by establishing a cleavage product from a repulsive polypeptide, said 
repulsive polypeptide being a semaphorin of the invention. In a preferred embodi- 
ment said attractant is a polypeptide which can be characterised by at least one of 
20 the following features 

(0 having at least about an 50%, more preferably at least about an 60%. more 
preferably at least about an 70%, more preferably at least about an 80%, 
more preferably at least about an 90%. even more preferably at least about 
an 95%, and the most preferably at about an 97% identity with the amino 
acid sequence set forth in SEQ ID NO: 3 or SEQ ID NO: 4. or natural or 
synthetic variants of thereof. 

being an attractant for the lymph node and/or lung mlcrocaplllary endothelial 
cells, 

being capable of binding and thereby activating the receptor(s) for secreted 
30 class 3 semaphores. 

The attractant polypeptide of the invention may be prepared by any conventional 
method described below for production of other polypeptides of the invention. 

35 
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4.1. Inhibition of a pro-protein convertase-IIke enzymatic activity by a peptide 
fragment of a semaphortn polypeptide 

According to the invention a method for prevention of progression of an invasive 
5 disease in an individual, wherein invasion of cells, other organisms or invasion of 

itself plays a role in disease pathogenesis comprises administering to said Individual 
an agent capable of inhibiting irrtraceDuiar or extracellular proteolytic processing of a 
polypeptide belonging to the semaphorin family of proteins. 

1 0 In one embodiment the Invention to provide a compound directed to inhibition of a 
PC-fike proteolytic activity. According to the invention the compound directed to in- 
hibition of a POIike proteolitic activity is a peptide fragment of a semaphorin. 

By the "peptide fragment of a semaphorin" in the present context Is meant any pep- 
tide fragment derived from. the amino acid sequence set forth In SEQ ID NO: 1 or 2, 
^mentsr oi-vartants-of thereof .capable of inhibmng me^ctivity an proteoiityc en-' - - 
zyme assisting the production of a polypeptide of about 61 kDa as defined by SDS- . 
PAGE under reduced conditions, wherein said polypeptide is characterised by at 
least one of the following features: 
20 (i) having at least about an 50%. more preferably al least about an 60%. more 
preferably at least about an 70%. more preferably at least about an 80%. 
more preferably at least about an 90%, even more preferably at least about 
an 95%, and the most preferably at about an 97% identity with the amino 
acid se q"ence set forth in SEQ ID NO: 3 or SEQ ID NO: 4, or natural or 
25 synthetic variants of thereof. 
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(ill) 



being an attractant for the lymph node and/or lung microcapillary endothelial 
cells, 



being capable of binding and thereby activating the receptor(s) for secreted 
class 3 semaphores, 

30 (Iv) being capable of promoting the experimental metastases by at least 10% 

more as compared to a control, for example, as measured as overall weight 
of the tissue comprising metastasis and/or the number of tumor cells surviv- 
ing after the predetermined time period, 
preferably at least two of the above features, more preferably at least three of the 

35 above features, the most preferably at least four of the above features. 
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According to the present invention the peptide fragment of semaphorin inhibiting a 
PC-like enzymatic activity in a preferred embodiment is a natural or synthetic 
contiguous amino acid sequence of at feast 8 amino acids, such as for example a 
sequence of at least 1 2 amino acids, such as for example a sequence of at least 1 6 
amino acids, such as for example a sequence of at least 20 amino acids, such as for 
example a sequsnce of at least 24 amino acids, such as for example a sequence of 
at least 28 amino acids, such as for example a sequence of at least 32 amino acids, 
such as for example a sequence of at least 3B amino acids, such ss for example a 
sequence of at least 40 amino acids, such as for example a sequence of at least 44 
amino acids, such as for example a sequence of at least 48 amino acids, such as for 
example a sequence of at least 52 amino acids, such as for example a sequence of 
at least 68 amino acids, such as for example a sequence of at least 84, such as for 
example a sequence of at least 100 amino acids, such as for example a sequence 
of at least 1 50- amino acids, such as for example a sequence of at least 200 amino ■ ■ " 
-acids, such as for-oxample a sequence of at least 250^amino-acids; such as for- * — 
example a sequence of at least 300 amino acids, such as lor example a sequence 
of at least 400 amino acids, such as for example a sequence of at least 500 amino - 
acids derived from the sequence set forth in SEQ I D NO: 1 or SEQ ID NO : 2, or * . 
variants of thereof. In another preferred embodiment said peptide fragment of 
semaphorin comprises an amino acid sequence RXK/RR. In still another preferred 
embodimant said peptide fragment of semaphorin is comprising amino acid residues 
in a range of 30 to 50 amino acid residues of the sequence LARDPYCAWD 
GISCSRYYPT GTHAKRRFRR QDVRHGNAAG QCFGQQFVGD (SEQ ID NO: 5), 
amino acid residues being numbered from the N-termlnus of said sequence, such as 
1-50 amino acid residues, for example 1-49 amino acid residues, such as 1-48 
amino add residues, for example 1-47 amino add residues, such as 1-46 amino 
acid residues, for example 1-45 amino add residues, such as 1-44 amino add 
residues, for example 1-43 amino acid residues, such as 1-42 amino acid residues, 
for example 1-41 amino acid residues, such as 1-40 amino acid residues, for 
example 1-39 amino acid residues, such as 1-38 amino acid residues, for example 
1 -37 amino acid residues, such as 1-36 amino acid residues, for example 1-35 
amino acid residues, such as 1-34 amino acid residues, for example 1-33 amino 
acid residues, such as 1-32 amino acid residues, for example 1-31 amino acid 
residues, such as 1 -30 amino acid residues. In still yet another embodiment said 
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peptide fragment of semaphorin is comprising amino acid residues In a rangB of 24 
to 50 amino acid residues of the sequence LARDPYCAWD GISCSRYYPT 
GTHAKRRFRR ODVRHGNAAQ QCFGQQFVGD (SEQ ID NO:6), amino acid 
residues being numbered from the N-terminus of said sequence, such as 2-50 
5 amino acid residues, for example 3-50 amino acid residues, such as 4-50 amino 
acid residues, for example from 5-50 amino acid residues, such as 6-50 amino acid 
residues, for example 7-50 amino acid residues, such as 8-50 amino acid residues, 
for example 9-50 amino acid residues, such as 10-50 amino acid residues, for 
example 1 1-50 amino acid residues, such as 12-50 amino acid residues, for 

1 0 example 1 3-50 amino acid residues, such as 1 4-50 amino acid residues, for 
example 1 5-50 amino acid residues, such as 1 6-50 amino acid residues, for 
example 17-50 amino acid residues, such as 18-50 amino acid residues, for 
example 19-50 amino acid residues, such as 20-50 amino acid residues, for 
example 21-50 amino add residues, such as 22-50 amino acid residues, tor 

15 example 23-50 amino acid residues, such as 24-50 amino acJd residues. 1. 

A peptide fragment of semaphorin inhibiting a PC-like enzymatic activity of the pre- * 
sent invention may be prepared by conventional synthetic methods, recombinant : 
DNA technologies, or enzymatic cleavage of a semaphorin polypeptide. 



20 
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The methods for synthetic production of peptides are well known In art Detailed 
descriptions as well as practical advice for producing synthetic peptides may be 
found In Synthetic Peptides: A User's Guide (Advances in Molecular Biology), Grant 
G. A. ed., Oxford University Press, 2002. or in Pharmaceutical Formutation: Devel- 
opment of Peptides and Proteins, Frokjaer and Hovgaard eds., Taylor and Francis, 



1 



Alternatively the peptide fragments of semaphorin inhibiting a PC-like enzymatic 
activity may be produced by use of recombinant DNA technologies. A DNA se- 
quence encoding semaphorin may be prepared as described befow and fragmented 
by digestion wrth DNAase I according to a standard protocol (Sambrook et al. v Mo- 
lecular cloning: A Laboratory manual. 2 rd ed., CSHL Press, Cold Spring Harbor, NY. 
1989). 
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The semaphorin erf the invention may be encoded by a nucleic acid sequence hav- 
ing at least about an 50% identity wWrthe nucleic acid sequence set forth In SEQ ID 
NOS: 7. 8, 9 or 10 more preferably at least about 60%, more preferably at least 
about 70%, more preferably at least about 80%, more preferably at least about 90%, 
5 even more preferably at least about 95%, and most preferably at least about 97%, 
as determined by agarose gel electrophoresis. The nucleic acid sequence may be of 
genomic, cDNA, RNA, semisynthetic, synthetic origin, or any combinations thereof. 

The degree of identity between two nucleic acid sequences may be determined by 
1 0 means of computer programs known in the art such as GAP provided in the GCG 
program package (Needleman and Wunsch. 1970, J. MoJ. Biol. 48:443-453). For 
purposes of determining the degree of identity between two nucleic acid sequences 
for the present invention, GAP is used with the following settings: GAP creation 
penalty of 5.0 and GAP extension penalty of 0.3. 



15 



Modification of the-nucleic acid sequences encoding semaphorin polypeptides may- 
be necessary for the synthesis of polypeptide sequences substantially similar to said 
polypeptides. The term "substantially similar" to semaphorin polypeptides refers to 
non-naturaliy occurring forms of said polypeptides. These polypeptide sequences' 
20 may differ in some engineered way from the semaphorin polypeptides isolated from 
its native source. For example, it may be of interest to synthesise variants of the 
semaphorin polypeptides where the variants differ in specific activity. thermostability, 
pH optimum, or the like using, e.g., site-directed mutagenesis. The analogous se- 
quence may be constructed on the basis of the nucleic acid sequences presented 
25 as SEQ ID NOS:7. 8, 9 or 1 0. e.g.. a sub-sequence thereof, and/or by introduction of 
nucleotide substitutions which do not give rise to another amino acid sequence of 
semaphores encoded by the nucleic acid sequences, but which corresponds to the 
codon usage of the host organism intended for production of the enzyme, or by In- 
troduction of nucleotide substitutions which may give rise to a different amino acid 
30 sequence. For a general description of nucleotide substitution, see, e.g., Ford et aL, 
1991, in Protein Expression and Purification 2:95-107. 

It will be apparent to those skilled In the art that such substitutions can be made out- 
side the regions critical to the function of the molecule and still result in an active 
35 polypeptide sequence. Amino acid residues essential to the activity of the polypep- 
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tide encoded by the Isolated nucleic acid sequence ol the Invention, and therefore 
prelerably not subject to substitution, may be Identified according to procedures 
known in the art, such as site-directed mutagenesis or alanine-scanning mutagene- 
sis (see, e.g., Cunningham and Wells, 1989, Science 244:1081-1085). 

The recombinant semaphorin polypeptides may also be encoded by a nucleic acid 
sequence that hybridizes to a nucleic acid sequence set forth in SEQ ID NOS: 7, 8. 
9 or 10 at low to high stringency conditions. Low to high stringency conditions are 
defined as pre-hybridization and hybridization at 42 ft C in 5X SSPE, 0.3% SDS, 200 
ug/ml sheared and denatured salmon sperm DNA and either 25, 35 or 50% form- 
amide for low, medium and high stringencies, respectively. The carrier material Is 
washed three times each for 30 minutes using 2X SSC, 0.2% SDS preferably at 
least at 50°C (very tow stringency), more preferably at least at 55°C (low strin- 
gency), more preferably at least at 60°C (medium stringency), more preferably at 

- least at-65 p G (medium-high stringency),- even- more preferably at least at 70°G (high — • - — 

stringency) and most preferably at least at i^C (very high stringency). 

A DNA sequence encoding the semaphorin polypeptide may be prepared syntheti- 
cally by established standard methods, e.g. the phosphoamidite method described * * 
by Beaucage and Caruthers, 1981, Tetrahedron Lett 22:1 859-1 869. or the method 
described by Matthes et al., 1984, EM BO J 3:801 -805. According to the phospho- 
amidite method, oligonucleotides are synthesized, e.g. In an automatic DNA synthe- 
sizer, purified, annealed, ligated and cloned in suitable vectors. 

The DNA sequence may also be of genomic or cDNA origin, for Instance obtained 
by preparing a genomic or cDNA library and screening for DNA sequences coding 
for atl or part of a semaphorin polypeptide by hybridization using synthetic oligonu- 
cleotide probes in accordance with standard techniques (cf. Sambrook et al., Mo- 
lecular Cloning: A Laboratory Manual. 2nd Ed., Cold Spring Harbor, 1989). The DNA 
sequence may also be prepared by polymerase chain reaction using specific prim- 
era, tor instance as described in US 4,603,202 or Saiki et el, 1988, Science 
239:487-491. 

The DNA sequence is then inserted into a recombinant expression vector, which 
may be any vector, which may conveniently be subjected to recombinant DNA pro- 
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cedures, TTie choice of vector wfll often depend on the host cell Into which It Is to be 
introduced. Thus, the vector may be an autonomously replicating vector, I.e. a vec- 
tor that exists as an extrachromoeomal entity, the replication of which is independent 
of chromosomal replication, e.g. a plasmid. Alternatively, the vector may be one 
5 which, when introduced into a host cell, is integrated into the host cell genome and 
repOcated together with the chromosome(s) Into which it has been integrated. 

In the vector, a DNA sequence encoding semaphrin polypeptides should be opera- 
bly connected to a suitable promoter sequence. The term "operatively linked 1 refers 
10 to the positioning of an expression control sequence with respect to a coding DNA 
sequence of interest such that the expression control sequence controls and regu- 
lates the transcription and translation of that DNA sequence. 

The term "operatrvely linked* includes having an appropriate start signal (e. g., ATG) 
~ ...._J.S --.-Jafra*ofihe^^^ _ 
frame to permit expression of the DNA sequence under the control of the expression 
control sequence and production of the desired product encoded by the DNA se- 
quence. If a gene or DNA sequence that one desires to insert into a recombinant 
DNA molecule does not contain an appropriate start signal, such a start signal can 
be inserted in front of the gene. 

The choice of expression control sequence depends upon the nature of the recom- 
binant DNA molecule, the host that will be transformed by that recombinant DNA 
molecule, and whether constitutive or inducible expression of a DNA sequence of 
this invention is desired. Such useful expression control sequences include, for ex- 
ample, the eariy and late promoters of SV40 or adenovirus, the lac system, the trp 
system, the TAC or TRC system, the major operator and promoter regions of phage 
A, the control regions of fd coat protein, the promoter for 3-phosphoglycerate kinase 
or other glycolytic enzymes, the promoters of acid phosphatase (e. g., Pho5), the 
promoters of the yeast a-mating factors, and other sequences known to control the 
expression of genes of prokaryotic or eukaryotic cells or their viruses, and various 
combinations thereof. 

Preferably the vector also encodes a selectable marker, for example, antibiotic re- 
sistance. 
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Repllcable expression vectors can be plasmids, bacteriophages, cosmids and vi- 
ruses. Any expression vector comprising RNA is also contemplated. 

5 Preferred vectors of the present invention are derived from eukaryotic sources. Ex- 
pression vectors that function tn tissue culture cells are especially useful, but yeast 
vectors may be also contemplated. These vectors Include yeast plasmids and 
mlnichromosomes. retrovirus vectors. BPV {bovine papilloma virus) vectors, bacuto- 
virus vectors. SV40 based vectors and other viral vectors. SV40-based vectors and 
10 retrovirus vectors (e. g„ murine teukemia viral vectors) are preferred. Tissue culture 
cells that are used with eukaryotic replicaWe expression vectors include Sf21 cells, 
CV-1 cells, COS-1 cells, NIH3T3 cells, mouse L cells. HeLa cells and such other 
cultured cell lines known to one skilled in the art. 

- J A Jn one eml^imentjrfj]ejn baculpyinjs expression system may also be „ _ 

used to produce-large amounts of semaphorln polypeptides In cultured insect cells. 
The post-translationai processing-of-poiypeptides produced in such Insect cells is ' 
similar to that. of mammalian celis. Production of polypeptides in insects may there- 
fore be advantageous. 

20 

Methods for producing polypeptides in the baculovirus expression system are known 
to the skilled artisan. See for example Miller, 1988, Ann Rev Microbiol 42:177. In 
general, a modified Autographia califomica nuclear poryhedrosis virus propagated in 
SJ21 cells Is used for polypeptide expression. This modified virus is produced by 

25 cotransfectlon of a small transfer vector, encoding a semaphorln polypeptide, with a 
viral expression vector, which has been linearized within an essential gene. Once 
inside the cell, the linearized expression vector can undergo recombination with the 
transfer vector or simply recircularize. However, only recombination gives rise to 
viable viruses because the function of the essential gene is lost by recircularization. 

30 Recombinant expression viruses are detected by formation of plaques. 

According to the invention sequence elements capable of effecting expression of a 
semaphorin gene include promoters, enhancer elements, transcription termination 
signals and polyadenylatfon signal. Promoters are DNA sequence elements for con- 
35 trollinggene expression, In particular, they specify transcription initiation sites. Pro- 
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karyotic promoters that are useful include the lac promoter, the tip promoter, and PL 
and Pn promoters of lambda and the T7 polymerase promoter. Eukaryotjc promot- 
ers are especially useful in the invention and include promoters of viral origin, such 
as the SV40 late promoter and the Moloney Leukemia virus LTR, Murine Sarcoma 
5 Virus (MSV) LTR, yeast promoters and any promoters or variations of promoters 
designed to control gene expression, including genetically-engineered promoters. 
Control of gene expression includes the ability to regulate a gene both positively and 
negatively (i. e.. turning gene expression on or off) to obtain the desired level of ex- 
pression. 

10 

The replicable expression vectors of the present invention may be made by ligating 
part or all of a semaphorin polypeptide coding region in the sense or antisense ori- 
entation to the promoter and other sequence elements being used to control gene 
expression. This juxtapositioning of promoter and other sequence elements with a 

J 5 _ ^semaphorin polypeptide gero allows the production .of Jarge amounts of sense or, 

antisense semaphorin mRNA. — -■ — — . 

Therefore, one skilled in the art has available many choices of replicable expression 
vectors, compatible hosts and well-known methods for making and using the vec- 
20 tore. Recombinant DNA methods are found In any of the standard laboratory menu-' 
als on genetic engineering. 

The invention also provides host cells transformed by the recombinant DNA mole- 
cules of this invention. These hosts may include well known eukaryotb and prokary- 

25 otic hosts, such as strains of E. coli, Pseudomonas, Bacillus, Streptomvces, fungi 
such as yeast, and animal cells, such as WHO, RLL, B-W and L-M cells, African 
Green Monkey kidney cells (e. g., COS 1, COS 7, BSCt , BSC40, and BMT10), In- 
sect cells (e. g., Sf9), and human cells and plant cells in tissue culture. Eukaryotlc 
cells may harbor the recombinant DNA molecules of this invention as an extra 

30 chromosomal element or incorporate all or part of it into the host chromosome. 

It will be understood that not all vectors, expression control sequences and hosts will 
function equally well to replicate and/or express the DNA sequences of this inven- 
tion. Neither will all hosts function equally well with the same expression system. 

35 
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However, one skilled In the art will be able to select the proper vectors, expression 
control sequences, and hosts without undue experimentation to accomplish the de- 
sired expression without departing from the scope of this Invention. For example, in 
selecting a vector, the host must be considered because the vector must function in 
it. The vector's copy number, the ability to control that copy number, and the ex- 
pression ol any other proteins encoded by the vector, such as antibiotic and other 
selective markers, will also be considered. 

In selecting an expression control eequence, a variety of factors will normally be 
considered. These include, tor example, the relative strength of the system, its con- 
trollability, and its compatibility with the particular DNA sequence or gene to be ex- 
pressed, particularly as regards potential secondary structures. Suitable unicellular 
hosts will be selected by consideration of. e. g., their compatibility with the chosen 
vector, their ability to fold proteins correctly, and their fermentation requirements, as 
well as the toxicity to the host of the product encoded by the DNA sequencesjo be 
expressedrand the-ease of purification of the expression products. 

Considering these and other factors a person skilled in the art will be able to con- 
struct a variety of vector/expression control sequence/host combinations that will 
replicate and/or express the DNA sequences of this invention on fermentation or in 
large scale animal culture. 

Methods for transforming cells with recombinant DNA molecules are well known in 
the art (6ee, for example, Sambrook, et al.. Molecular Cloning, A Laboratory Manual, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1989). 

Any of those methods may be employed to produce the transformed hosts of this 
invention. Identification of transformed hosts may be achiBVBd by assaying for the 
presence of semaphorin DNAs, semaphorln RNAs or semaphorin polypeptides. Ad- 
ditionally, transformants may be dentifled by growth In selective media. For this as- 
say, the gene necessary for growth in selective media Is co-transfected into the cell 
either on the same or a different recombinant DNA molecule as semaphorin DNAs 
and is expressible in that celL ft will, of course, be obvious that the gene for selective 
growth should not be present In the non-transformed ceil. 
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The transformed hosts may be employed to produce either large quantities of 
semaphorin DMA sequences of this invention and/or semaphorin polypeptides en- 
coded thereby. In order to produce large quantities of semaphorin DNAs, the host, 
preferably a prokaryotlc host, Is grown in a medium and under conditions that pro- 
mote DNA replication and ceil division. Any complete media routinely used to grow 
bacteria is suitable for this purpose. Following growth, the transformed cells are 
separated from the growth medium and plasmid DNA is then isolated from the cells 
by standard and well-known techniques. Semaphorin DNAs may then be excised 
from the plasmid through the use of restriction endonudeases. 

When the transformed hosts of this embodiment are employed, the preferred host Is 
a mammalian cell. 

The transformed host should be grown In a medium that promotes expression of 
semaphorin porypeptide-encqdlng DNA sequences present In that host If expres- 
sion of that DNA sequences is under the control of a constitutive promoter, any - - 
standard growth medium is suitable. If semaphorin DNAs is under the control of an 
inducible promoter, the growth medium should be supplemented with a compound 
that induces expression or growth conditions should be altered so as to Induce ex- 
pression (L e M change in growth temperature). 

Following expression, the transformed cells are separated from the growth medium, 
lysed and semaphorin polypeptides are purified by standard methods. If the cells 
secrete semaphorin polypeptides, the proteins may be harvested directly from the 
media without cell lysis. 

Recombinant expression of semaphorin peptide fragments inhibiting a PC-like en- 
zymatic activity may be done following the criteria described above for expression of 
a full-length semaphorin protein. 

To obtain recombinant semapforin peptide fragments the semaphorin coding DNA 
fragments may be usefully fused with a second polypeptide coding DNA sequence 
and a protease cleavage site sequence, giving a DNA construct encoding the fusion 
protein, wherein the protease cleavage site coding sequence positioned between 
the semapforin fragment and second polypeptide coding DNA, Inserted Into a re- 
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combinant expression vector, and expressed In recombinant host cells. In one em- 
bodiment, said second polypeptide selected from, but not Dmited by the group com- 
prising glutathion-S-reductase, calf thymosin, bacterial thioredoxin or human ubiq- 
uitin natural or synthetic variants, or peptide fragments thereof. In another embodi- 
5 ment, a polypeptide sequence comprising a protease cleavage 6ite may be the 

Factor Xa, with the amino acid sequence /EG/?, enterokinase, with the amino acid 
sequence DDDDK, thrombin, with the amino acid sequence LVPFVGS, or Acharvm- 
bacterlyticus, with the amino acid sequence X/OC, cleavage site. In still another em- 
bodiment, the host ceils may be selected from the group comprising bacterial, f un- 
1 0 gal, insect, invertebrate, or mammalian ceils. 

4.2. Antibody inhibiting proteolytic processing of the semaphorin polypeptide 

In another aspect of the present invention proteolytic processing of any polypeptide 
. . 1 5 .PfP als 9 ba . limited or completely Inhibited by other methods, for example, by using 

compounds,- whiefv-aFB capable of binding to a polypeptlde-eommitted to proteolysis 

in such a way that thB proteolytic cleavage site become hidden upon binding, or 
folding of the polypeptide In the area of cleavage site is affected by binding. It is yet 
another aspect of the Invention to provide a compound which inhibits proteolytic 
20 processing a semaphorin polypeptide of the invention upon binding to said polypep- 
tide. The invention provides antibodies or fragments of antibodies directed to a 
semaphorin polypeptide which recognise en epitope located within the structural 
domain of said polypeptide, which comprises a proprotein convertase cleavage site 
RXK/RR, bind to this epitope and thereby inhibit proteolytic processing of said 
25 semaphorin polypeptide.. 

Antibody molecules belong to a family of plasma proteins called immunoglobulins, 
whose basic building block, the immunoglobulin fold or domain, Is used In various 
forms in many molecules of the Immune system and other biological recognition . 
30 systems. A typical immunoglobulin has four polypeptide chains, containing an anti- 
gen binding region known as a variable region and a non-varying region known as 
the constant region. . 

Native antibodies and Immunoglobulins are usually heterotetrameric glycoproteins of 
35 about 1 50,000 dattons, composed of two identical light (L) chains and two identical 



39 



11/07 2002 14:38 FAX - PVS ©040 

P682DK00 

36 

heavy (H) chains. Each light chain is linked to a heavy chain by one covalent disul- 
fide bond, while the number of disulfide linkages varies between the heavy chains of 
different immunoglobulin Isotypes. Each heavy and light chain also has regularly 
spaced intrachaln disulfide bridges. Each heavy chain has at one end a variable 
5 domain (VH) followed by a number of oonstant domains. Each light chain has a 
variable domain at one end (VL) and a constant domain at Its other end. The con- 
stant domain of the light chain is aligned with the first constant domain of the heavy 
chain, and the light chain variable domain is aligned with the variable domain of the 
heavy chain. Particular amino acid residues are believed to form an interface be- 
10 tween the light and heavy chain variable domains (Cfothia et ai. r J. Mol. Biol. 1 86, 
651-66, 1985); Novotny and Haber, Proc. Natl. Acad. Sd. USA 82, 4592-4596 
(1985). 

Depending on the amino add sequences of the oonstant domain of their heavy 
.15 chains , immunoglobulins can be assigned to different classes. There are at least five 
*.;-■-■■ ( 5 ) rnajor classes of immunoglobulins: IgA, IgDHgE, IgG-and IgM, and several xrf 
these may be further divided Into subclasses (isotypes), e.g. lgG-1 , lgG-2, lgG-3 ' 
and lgG-4; lgA-1 and lgA-2. The heavy chains constant domains that correspond to - 
the different classes of Immunoglobulins are called alpha (a), delta (6), epsilon (e), 
20 gamma (y) and mu (n), respectively. The light chains of antibodies can be assigned 
to one of two clearly distinct types, called kappa (k) and lambda (X), based on the 
amino sequences of their constant domain. The subunit structures and three- 
dimensional configurations of different classes of immunoglobulins are well known. 

25 The term ■variable 0 in the context of variable domain of antibodies, refers to the fact 
that certain portions of the variable domains differ extensively in sequence among 
antibodies. The variable domains are for binding and determine the specificity of 
each particular antibody for its particular antigen. However, the variability is not 
evenly distributed through the variable domains of antibodies. It Is concentrated in 

30 three segments caHed complementarity determining regions (CDRs) also known as 
hypervariable regions both in the light chain and the heavy chain variable domains. 

The more highly conserved portions of variable domains are called the framework 
(FR). The variable domains of native heavy and light chains each comprise four FR 
35 regions, largely a adopting a 0-eheet configuration, connected by three CDRs, which 
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form loops connecting, and in soma cases forming part of, the p-sheet structure. 
The CDRs in each chain are held together in close proximity by the FR regions and, 
with the CDRs from the other chain, contribute to the formation of the antigen- 
binding site of antibodies. The constant domains are not involved directly in binding 
5 an antibody to an antigen, but exhibit various effector functions, such as participa- 
tion of the antibody in antibody-dependent cellular toxicity. 

An antibody that is contemplated for use in the present invention thus can be in any 
of a variety of forms, including a whole immunoglobulin, an antibody fragment such 
1 0 as Fv, Fab, and similar fragments, a single chain antibody which Includes the vari- 
able domain complementarity determining regions (CDR), and the like forms, all of 
which fall under the broad term "antibody", as used herein. The present invention 
contemplates the use of any specificity of an antibody, polyclonal or monoclonal, 
and is not limited to antibodies that recognize and immunoreact with a specific anti- 
15 • gen. In preferred embodiments, in the.context of both the therapeutio and screening.-'.. 
methods describecffcelc-w, an antibody brfragmeht thereof is used that is Immunol ~ t ■ 
specific for an antigen or epitope of the invention. 

••' • • . 

• ' The term "antibody fragment" refers to a portion of a full-length antibody, generally 
20 the antigen binding or variable region. Examples of antibody fragments include Fab, • 
Fab', F(ab') 2 and Fv fragments. Papain digestion of antibodies produces two identi- 
cal antigen binding fragments, called the Fab fragment, each with a single antigen 
binding site, and a residual 'Fc° fragment, so-called for its ability to crystallize read- 
ily. Pepsin treatment yields an F(ab') a fragment that has two antigen binding frag- 
25 merits that are capable of cross-linking antigen, and a residual other fragment 

(which Is termed pFc"). Additional fragments can include diabodies, linear antibod- 
ies, single-chain antibody molecules, and multispecific antibodies formed from anti- 
body fragments. As used herein, "functional fragment" with respect to antibodies, 
refers to Fv, F(ab) and Rah 1 )* fragments. 

30 

Antibody fragments may be as small as about 4 amino acids, 5 amino acids, 6 
amino acids, 7 amino acids. 9 amino acids, about 1 2 amino acids, about 1 5 amino 
acids, about 1 7 amino acids, about 1 8 amino acids, about 20 amino acids, about 25 
amino acids, about 30 amino acids or more. In general, an antibody fragment of the 
35 invention can have any upper size limit so long as it is has similar or Immunological 
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properties relative to antibody that binds with specificity to an epitope formed by any 
of SEQIDNO:1 or 2. 

Antibody fragments retain some ability to selectively bind with its antigen or recep- 
5 tor. Some types of antibody fragments are defined as follows: 

(1) Fab is the fragment that contains a monovalent antigen-binding 
fragment of an antibody molecule. A Fab fragment can be produced by digestion of 
whole antibody with the enzyme papain to yield an intact light chain and a portion of 
one heavy chain. 

1 0 (2) Fab' is the fragment of an antibody molecule can be obtained by 

treating whole antibody with pepsin, followed by reduction, to yield an Intact light 
chain and a portion of the heavy chain. Two Fab 1 fragments are obtained per anti- 
body molecule. 

Fab' fragmenis differ from Fab fragments by the addition of a few residues at the 

;._._15 5§r^^Jemin*^ 

"~ ~ from the antibody hinge region, 

(3) (Fab'k Is ths fragment of an antibody that can be obtained by 
treating whole antibody with the enzyme pepsin without subsequent reduction. 

• (4) F(ab*)2 is a dimer of two Fab* fragments held together by two disul- 

20 fide bonds. 

Fv is the minimum antibody fragment that contains a complete antigen recognition 
and binding site. This region consists of a dimer of one heavy and one light chain 
variable domain in a tight, non-covalent association (V H -V t dimer). It is in this con- 
figuration that the three CDRs of each variable domain interact to define an antigen 
.25 binding site on the surface of the V H -V L dimer. Collectively, the six CDRs confer 
antigen binding specificity to the antibody. However, even a single variable domain 
(or half of an Fv comprising only three CDRs specific for an antigen) has the ability 
to recognize and bind antigen, although at a lower affinity than the entire binding 
sile. 

30 ( 5 ) Single chain antibody ("SCA"), defined as a genetically engineered mole- 

cule containing the variable region of the light chain, the variable region of the heavy 
chain, linked by a suitable polypeptide linker as a genetically fused single chain 
molecule. Such single chain antibodies are also referred to as "single-chain Fv' or 
'sFV antibody fragments. Generally, the Fv polypeptide further comprises a pory- 

35 peptide linker between the VH and VL domains that enables the sFv to form the 
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desired structure for antigen binding. For a review of sFv see Pluckthun in The 
Pharmacology of Monoclonal Antibodies 113: 269-31 5 Rosenburg and Moore eds. 
Springer-Verlag. NY P 1994. 

5 The term "diabodies" refers to a small antibody fragments with two antigen-binding 
sites, which fragments comprise a heavy chain variable domain (VH) connected to a 
light chain variable domain (VL) in the same polypeptide chain (VH-VL). By using a 
linker that is too short to allow pairing between the two domains on the same chain, 
the domains are forced to pair with the complementary domains of another chain 
1 0 and create two antigen-binding sites. Diabodies are described more fully in, for ex- 
ample, EP 404.097; WO 9#1 1 1 61 , and HolHnger et al., Proc. Natl. Acad Sci. USA 
90:6444-644B(1993). 

The preparation of polyclonal antibodies is well-known to those skilled In the art. 

« JJL,. .See, for example, Green et aL 1 992. Production of Polyclonal . Antisera, in: ImmuncKv 

— - chemical Protocols (Manson, ed.), pages- 1-5 (Humana Press); Coligan, et a!.. Pro- — 
• duction of Polyclonal Antisera in Rabbits, Rats Mice and Hamsters, in: Current 
Protocols in Immunology, section 2.4.1 , which are hereby incorporated by reference. • 

20 The preparation of monoclonal antibodies likewise is conventional. See, for exam- 
ple, Kohler & Milsteln, Nature, 256:495 (1975); Coligan, et al., sections 2.5.1-2.6.7; 
and Harlow, et ai., in: Antibodies: A Laboratory Manual, page 726 (Cold Spring 
Harbor Pub. (1988)). which are hereby Incorporated by reference. Monoclonal anti- 
bodies can be isolated and purified from hybridoma cultures by a variety of well- 

25 established techniques. Such isolation techniques include affinity chromatography 
with Protein-A Sepharose, size-exclusion chromatography, and ion-exchange chro- 
matography. See, e.g., Coligan, et aL, sections 2.7.1-2.7.12 and sections 2.9.1- 
2.9.3; Barnes, et aL, Purification of Immunoglobulin G (IgG). In: Methods in Mo- 
lecular Biology, 1992, 10:79-104, Humana Press, NY.(). 

30 

Methods of in vitro and in vivo manipulation of monoclonal antibodies are well 
known to those skilled in the art. For example, the monoclonal antibodies to be 
used in accordance with the present invention may be made by the hybridoma 
method first described by Kohler and Milstein, Nature 256, 495 (1 975), or may be 
35 made by recombinant methods, e.g., as described in US 4,816,567. The monoclonal 
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antibodies for use with the present invention may also be isolated from phage anti- 
body libraries using the techniques described in CJackson et aL, 1991, Nature 352: 
624-628, as well as in Marks et al., 1991 , J Mol Biol 222: 581-597. Another method 
involves humanizing a monoclonal antibody by recombinant means to generate an- 
5 tibodles containing human specific and recognizable sequences. See, for review, 
Holmes, et al., 1897, J Immunol 158:2192-2201 and Vaswani, etal., 1998, Annals 
Allergy, Asthma & Immunol 81:105-1 15. 

The term "monoclonal antibody" as used herein refers to an antibody obtained from 
1 0 a population of substantially homogeneous antibodies, Le., the individual antibodies 
comprising the population are identical except for possible naturally occurring muta- 
tions that may be present in minor amounts. Monoclonal antibodies are highly spe- 
cific, being directed against a single antigenic site. Furthermore, in contrast to con- 
ventional polyclonal antibody preparations that typically Include different antibodies 
.15 directed against different determinants (epitopes), each monoclonal antibody is di- 
rected against a single determinant orv the -antigen. In additional to their specificity, ~«— 
the monoclonal antibodies are advantageous in that they are synthesized by the 
hybridoma culture, uncontaminated by other immunoglobulins; The modifier •mono- * 
clonal" indicates the character of the antibody indicates the character of the antibody 
20 as being obtained from a substantially homogeneous population of antibodies, and 
is not to be construed as requiring production of the antibody by any particular 
method. 

The monoclonal antibodies herein specifically include ■chimeric" antibodies (imrnu- 
25 noglobulins) in which a portion of the heavy and/or light chain is identical with or 
homologous to corresponding sequences in antibodies derived from a particular 
species or belonging to a particular antibody clasa or subclass, while the remainder 
of the chain(s) Is Identical with or homologous to corresponding sequences in anti- 
bodies derived from another species or belonging to another antibody class or sub- 
30 class, as well as fragments of such antibodies, so long as they exhibit the desired 
biological activity (US 4,816,567); Morrison et al., 1984, Proc Natl Acad Scl 81, 
6851-6855. 

Methods of making antibody fragments are also known in the art (see for example, 
35 Harlow and Lane, Antibodies; A Laboratory ManuaJ. Cold Spring Harbor Laboratory, 
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NY, 1 988, incorporated herein by reference). Antibody fragments of the present 
invention can be prepared by proteolytic hydrolysis of the antibody or by expression 
in E. coOol DNA encoding the fragment Antibody fragments can be obtained by 
pepsin or papain digestion of whole antibodies conventional methods. For exam- 
5 pie, antibody fragments can be produced by enzymatic cleavage of antibodies with 
pepsin to provide a 5S fragment denoted Flab')*. This fragment can be further 
cleaved using a thiol reducing agent, and optionally a blocking group for thB sulfhy- 
dryl groups resulting from cleavage of disulfide linkages, to produce 3.5S Fab* 
monovalent fragments. Alternatively, an enzymatic cleavage using pepsin produces 
10 two monovalent Fab' fragments and an Fc fragment directly. These methods are 
described, for example, in US 4,036,945 and US 4,331 ,647, and references con- 
tained therein. These patents are hereby incorporated in their entireties by refer- 
ence. 



- - J 5 - ~ .Q&W methods of cleaving 'antibodies, such as separation of heavy Plains to form. 



- monovalent light-heavy chain fragments, further cleavage of fragments, or other " ' 
enzymatic, chemical, or genetic techniques may also be used, so long as the frag- 
ments bind to the antfgenthat is reoognized by .the Intact antibody. For example, Fv 
fragments comprise an association of V H and V L chains. This association may be 

20 noncovalent or the variable chains can be linked by an interrnolecular disulfide bond 
or cross-linked by chemicals such as glutaraldehyde. Preferably, the Fv fragments 
comprise V H and V L chains connected by a peptide linker. These single-chain anti- 
gen binding proteins (sFv) are prepared by constructing a structural gene compris- 
ing DNA sequences encoding the V H and V L domains connected by an oligonucleo- 

25 tide. The structural gene is inserted into an expression vector, which is subse- 
quently introduced into a host cell such as B. coll. The recombinant host cells syn- 
thesize a single polypeptide chain with a linker peptide bridging the two V domains. 
Methods for producing sFvs are described, for example, by Whitlow, et al., 1 991, In: 
Methods: A* Companion to Methods In Enzymology, 2:97; Bird et a!., 1988, Science 

30 242:423-426; US 4,946,778; and Pack, et al., 1 993, BioTechnology 1 1 :1 271 -77. 

Another form of an antibody fragment is a peptide coding for a single complemen- 
tarity-determining region (CDR). CDR peptides ("minimal recognition units") are 
often involved in antigen recognition and binding. CDR peptides can be obtained by 
35 cloning or constructing genes encoding the CDR of an antibody of interest. Such 
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genes are prepared, for example, by using the polymerase chain reaction to synthe- 
size the variable region from RNA of antibody-producing cells. See, for example, 
Larrick, et ah, Methods: a Companion to Methods in Enzymology, Vol. 2, page 106 
(1991). 

5 

The Invention contemplates human and humanized forma of non-human (e.g. mur- 
ine) antibodies. Such humanized antibodies are chimeric immunoglobulins, immu- 
noglobulin chains or fragments thereof (such as Fv, Fab, Fab', F(ab') 2 or other anti- 
gen-binding subsequences of antibodies) that contain minimal sequence derived 
1 0 from non-human Immunoglobulin. For the most part, humanized antibodies are hu- 
man immunoglobulins (recipient antibody) in which residues from a complementary 
determining region (CDH) of the recipient are replaced by residues from a CDR of a 
nonhuman species (donor antibody) such as mouse, rat or rabbit having the desired 
specificity, affinity and capacity. 

.15 . 



- .. .- Irv some instances, -Fv* frame work residues of the human immunoglobulin are re- • 
placed by corresponding non-human residues. Furthermore, humanized antibodies 
may comprise residues that are found neither in the recipient antibody nor in the 
imported CDR or framework sequences. These modifications are made to further 

20 refine and optimize antibody performance. In general, humanized antibodies will 
comprise substantially all of at least one. and typically two, variable domains, in 
which all or substantially all of the CDR regions correspond to those of a non-human 
immunoglobulin and ail or substantially aD of the FR regions are those of a human 
immunoglobulin consensus sequence. The humanized antibody optimally also will 

25 comprise at least a portion of an immunoglobulin constant region (Fc), typically that 
of a human immunoglobulin. For further details, see: Jones et al., 1986, Nature 321 , 
522-525; Reichmann et al., 1988, Nature 332, 323-329; Presta, 1992, CurrOp 
Struct Biol 2:593-596; Holmes etal., 1997, J Immunol 158:2192-2201 and Vaswani, 
et al., 1998, Annals Allergy, Asthma & Immunol 81:105-1 15. 

30 

The generation of antibodies may be achieved by standard methods in the art for 
producing polyclonal and monoclonal antibodies us^ng a natural or recombinant 
semaphorin polypeptide or fragment thereof as an dntigen. Such antibodies would 
be in a preferred embodiment generated using a naturally occurring or recombi- 
35 nantiy produced semaphorin polypeptides having an amino acid sequence set forth 
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in SEQ ID NO: 1 or SEQ ID NO: 2, or variants orlragmente thereof, or, In a mora 
preferred embodiment, using fragments of said semaphorin polypeptides, wherein 
said fragments would meet at least one of the following criteria: 

(I) being a natural or synthetic contiguous amino acid sequence of at least 8 

5 amino acids, more preferably of at least 1 2 amino acids, such as for example 

a sequence of at least 1 6 amino acids such as for example a sequence of at 
least 20 amino acids, such as for example a sequence of least 24 amino ac- 
ids, such as for example a sequence of at least 28 amino adds, such as for 
example a sequence of at least 32 amino acids, such as for example a se- 

1 0 quence of at least 36 amino acids, such as for example a sequence of at 

least 40 amino acids, such as for example a sequence of at least 44 amino 
acids, such as for example a sequence of at least 48 amino acids, such as 
for example a sequence of at least 52 amino acids, such as for example a 
sequence of at least 6B amino acids, such as for example a sequence of at 

15 least 84, such as for example a sequence pf at least 100 amino acids, such 

- - — asior example a sequence of at least 150 amino acidsrsuchas-fonsxampfe 

a sequence of at least 200 amino adds, such as for example a sequence of 
rat least 250 amino acids, such as for example a sequence of at least 300 
amino adds, such as for example a sequence of at least 400 amino acids, 

20 such as for example a sequence of at least 500 amino acids derived from the 

sequence set forth in SEQ ID NO: 1 or SEQ ID NO: 2, or variants of thereof; 

(II) comprising an amino acid sequence RXK/RR, wherein X may be any amino 
acid residue, In a more preferred embodimenl S or T, in the most preferred 
embodiment F; 

25 (Hi) comprising amino acid residues In a range of 30 to 50 amino acid residues 
of the sequence LARDPYCAWD GISCSRYYPT GTHAKRRFRR 
QDVRHGNAAQ QCFGQQFVGD (SEQ ID NO:4), amino acid residues being 
numbered from the N-temninus of said sequence, such as 1-50 amino acid 
residues, for example 1-49 amino acid residues, such as 1-48, for example 

3° 1-47 amino acid residues, such as 1-46 amino acid residues, for example 1- 

45 amino add residues, such as 1-44 amino acid residues, for example 1-43 
amino acid reslduess, such as 1-42 amino acid residueas. for example 1-41 
amino acid residues, such as 1-40 amino acid residues, for example 1-39 
amino acid residues, such as 1-38 amino acid residues, for example 1-37 

35 amino add residues, such as 1-36 amino acid residues, for example 1- 35 
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amino acid residues, such as 1-34 amino acid residues, for example 1-33 
amino acid residues, such as 1-32 amino acid residues, for example 1-31 
amino acid residues, such as 1-30 amino acid residues; 
Ov) comprising amino acid residues in a range of 24 to 50 amino acid residues of 
the sequence LARDPYCAWD GISCSRYYPT GTHAKRRFRR 
QDVRHGNAAQ QCFGQQFVGD (SEQ ID NO:5). amino acid residues being 
numbered from the N-terminus of said sequence, such as 2-50 amino acid 
residues, for example 3-50 amino acid residues, such as 4-50 amino acid 
residues, for example from 5-50 amino acid residues, such as 6-50 amino 
acid residues, for example 7-50 amino acid residues, such as 8-50 amino 
acid residues, for example 9-50 amino acid residues, such as 10-50 amino 
acid residues, for example 1 1-50 amino acid residues, such as 12-50 amino 
acid residues, for example 13-50 amino add residues, such as 14-50 amino 
acid residues, for example 15-50 amino acid residues, such as 16-50 amino 
- actd residues,, for example 17-5aam?na acid residues, s.uch as 18-50 amino 
acid residues, for exampte^S-SOmihoacid residues, such as 20-50 aminer 
acid residues, for exampie 21-50 amino acid residues, such as 22-50 amino 
acid residues, for example 23-50 amino acid residues, such as 24-50 amino 
acid residues. 

in another embodiment the antibodies are produced in vivo by the individual to be 
treated, for example, by administering an immunogenic fragment according to the 
invention to said Individual. Accordingly, the present invention further relates to a 
vaccine comprising an Immunogenic fragment described above. 

5. Inhibition of activation of the receptor. 

In still another embodiment the present invention provides a method for prevention 
of progression of a invasive disease in an individual, wherein invasion ol cells, other 
organisms or invasion of itself plays a role in disease pathogenesis, comprising 
administering to said individual an agent capable of inhibiting binding a proteolytic 
fragment of a polypeptide belonging to the semaphorin family of proteins to a 
receptor and thereby inhibiting sequential activation of said receptor. 
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Cells express different receptors on both the internal and external membranes. Ac- 
cording to the Invention, a proteolytic fragment of a semaphorin, which is defined 
above, binds to and thereby activates a receptor, which is expressed on the external 
membrane of the cells. These cells may, for example, be neurons, glial cells, all type 
5 of muscle cells, neuroendocrine cells, gonadal ceils, kidney cells, liver cells, blood 
cells, fibroblasts or endothelial cells. In a preferred embodiment the cells are endo- 
thelial cells. In a more proffered embodiment, the cells are lymph node or lung mi- 
crocapillary cells. 

In the present context the term "binds" refers to the direct or indirect contact be- 
tweBn a semaphorin proteolytic fragment of the invention and a receptor, preferably 
a direct interaction. The term direct interaction 0 means that the compound in ques- 
tion binds directly to the receptor. The term "activate" refers to any change that can 
be registered in cells expressing the receptor upon interaction of said semaphorin 

.pcoteplytic.frjagmeDt ancLeaid receptor.. This change may be a registered.cnangextf 

-a-metabolic status of a cell, tor example, a-seJected activation or Inhibition some. 

intracellular biochemical pathways resulting In expression, degradation or modifica- 
tion of biological micromolecules such as, for example, proteins, nucleic acids, lipids • 
or carbohydrates. In a preferred embodiment the change is a registered change of 
the cell physiological status or behaviour, such as for example, differentiation, prolif- 
eration, apoptosis or cell motility. In the most preferred embodiment, the registered 
change Is activation of cell motility upon binding the proteolytic fragment of a sema- 
phorin to an extracellular receptor. 

At the present there are two families of receptors for the subclass 3 secreted sema- 
phores are known in art Neuropilins and Plexins. According to the Invention the 
proteolytic fragment of a semaphorin binds and thereby activates a receptor be- 
longing to the Plexin family receptors. In a preferred embodiment, a receptor of the 
Pfexfn A subfamily, In a more preferred embodiment, the Plexin A1, or Plexin A2„ or 
30 Plexin A3 receptor. 

• It is an additional aspect of the present invention to provide a compound capable of 
inhibiting binding a proteolytic fragment of a polypeptide belonging to the 
semaphorin family of proteins to a receptor and thereby inhibiting sequential 
35 activation of said receptor. In the present context the compound may be any 
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chemical which will prevent binding of said proteolytic fragment to said receptor 
and/or activation of said receptor. In a preferred embodiment, the compound may be 
a glucosaminoglycan.for example, heparin, heparan sulphate, chondroWn sulphate, 
keratin sulphate, demiatan sulphate, or their deviates, or a peptide which Is capable 
5 of binding to the proteolytic fragment of a semapforin and thereby limiting the 
binding capacity of-eald fragment to the Plexin A1 , or Plexln A2, or Plexin A3 
receptor, or a peptide, which Is capable of Interacting with the binding site for said 
fragment on the molecule of the Plexin A1 , or Plexin A2. or Plexin A3 receptor 
without activation of said receptors and thereby Inhibiting binding the proteolytic 
1 0 . fragment of a semaphorin to said receptors and sequential activation of said 
receptors. In the most preferred embodiment the present invention relates to a 
compound, which Is 

(0 a peptide fragment of a semaphorin comprising a sequence set forth 
in SEQ ID NO: 1 or SEQ ID NO: 2, which is capable of binding the 

. IS - . Plexin.Al receptQt without consequent actrvatlon of- said receptor, in . _ 

* a preferred embodiment, said peptlde fragment Is a contiguous se- 

quence of at least about 8 amino acids derived from the amino se- 
quence 

• • MAPAGH1LTLLLWGHLLELWTPGHSANPSYPRLRLSHKELLELNRT- 
20 SIFQSPLGFLDLHTMLLDEYQERLFVGGRDLVYSUSlLERVSDGYREIYWP- 
STAVKVEECIMKG KDAN ECAN Yl RVLHHYNRTHLLTCATG AFDPHC AFI R- 
VGHHSEEPLFHLESHRSERGRGRCPFDPNSSFVSTLVGNELFAGLYSDY- 
WGRDSAIFRSMGKLGH I RTEHDDERLLKEPKFVGSYMI PDNEDRDDNK- 
MYFFIT"EKALEAENNAHTIYTRVGRLCVNDMGGQRILVTvlKWSTFLKARL- 
25 VCSVPGMNGlDTYFDELEDVFLLPTRDPKNPvlFGLFNTTSNlFR- 
GHAVCVYHMSSiREAFNGPYAHKEGPEYHWSLYEGKVPYPRPG- 
SCASKVNGGKYGTTKDYPDDAI RFARI DPLM YQ PI KPVHKKP1 LVKTDG~ 
KYNLRQLAVDRVEAEOGQYDVLFIGTDTGI\^KVITIYNQETEWMEE- 
V1LEELQIFKDPAPIISMEISSKRQQLYIGSASAVAQVRFHHCDMYGSA- 
30 CADCCLARDPYCAWDGISCSRYYPTGAHAKRRFRR (SEQ ID NO: 3) . or 

variants thereof, 

or from the amino acid sequence 

MASAGHIITL LLWGYLLELW TGGHTADTTH PRLRLSHKEL LNLNRTS1FH 
SPFGFLDLHT MLLDEYQERL FVGGRDLVYS LSLERISDGY KEIHWPSTAL 
35 KMEECIMKGK DAGECANYVR VLHHYNRTHL LTCGTGAFDP VCAF1R- 
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VGYH LEDPLFHLES PRSERGRGRC PFDPSSSFIS TUGSELFAG LYS- 
DYWSRDA AIFRSMGRLA HIRTEHDDER LLKEPKFVGS YMIPDNEDRD 
DNKVYFFFTE KALEAENNAH AIYTRVGRLC VNDVGGQRIL 
VNKWSTFLKA RLVCSVPGMN GIDTYFDELE DVFLLPTRDH KNPVIFGLFN 
TTSNIFRGHA ICVYHMSSIR AAFNGPYAHK EGPEYHWSVY EG- 
KVPYPRPG SCASKVNGGR YGTTKDYPDD AIRFARSHPL MYQAIKPAHK 
KPILVKTDGK YNLKQIAVDR VEAEDGQYDV LFIGTDNGIV LKVITIYNQE 
MESMEEVILE ELQIFKDPVP IISMEISSKR GQLYIGSASA VAQVRFHHCD 
MYGSACADCC LARDPYGAWD GISCSRYYPT GTHAKRRFRR <SEO ID 
NO: 4) or variants thereof, and/or 

(il) a peptide fragment of the Plexin A1 . Plexin A2 or Plexln A3 receptor 
capable of binding a proteolytic fragment of a semaphorin, wherein 
said semaphorin Is having the amino acid sequence 6et forth in SEQ 

— « . ID NO: 1 or SEQ ID NO: 2, ina more preferred embodiment, -the 

* "pT^ec4ytic fragment - 

SEO ID NO:3 or SEQ ID NO: 4. In another preferred embodiment, 
the peptide fragment of Plexin A1 , or Plexin A2. or Plexin A3 receptor 
capable of binding defined above proteolytic fragment of a sema- 
phorin, comprising at least an 8 amino acid contiguous sequence de- 
rived from the sequence of the ectodomain of Plexin A1 , comprising a 
sequence from 1 to 680 amino acid residue of the Plexin A1 amino 
acid sequence as it is defined In .Genbank SEQ ID NO: X87832.2, or 
the ectodoniafn of Plexin A2 comprising a sequence from 1 to 677 
amino acid residues of the Plexin A2 amino acid sequence as tt is 
defined in Genbank SEQ ID NO: BAA323Q8, or the ectodomain of 
Plexin A3 comprising a sequence from 1 to 542 amino acid residue of 
the Plexin A3 amino acid sequence as it is defined in Genbank SEQ 
IDNO:P51805. 

he peptide compounds described above may be prepared by a relevant method 
ascribed for preparation of the other peptide compounds of the invention. 

i a specific embodiment the invention provides a method for inhibiting activation of 
Plexln receptor in vivo by a fragment of the semaphorin polypeptide of the inven- 
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tion derived from proteolytic processing said polypeptide by a proprotein convertase, 
comprising applying to cancer cells an agent capable of inhibiting proteolytic cleav- 
age of said polypeptide by said convertase. The agent capable of inhibiting proteo- 
lytic processing of the semaphorln polypeptide may be selected from the group 
comprising commercially avaJJable Inhibitors of serine proteases and/or proprotein 
convertases, such as for example decanoyl-RVrffl-^toromethylketone (Bachem), 
glycosamlnoglycans, such as for example heparin, heparan sulphate, chondrortin 
sulphate, keratin sulphate, dermatan sulphate, or their deviates. In a preferred em- 
bodiment, said agent is selected from the group comprising a peptide derived from a 
sequence of semaphoring of the invention, which is capable of interacting with the 
binding arte for a proteolytic fragment of semaphorin on the molecule of the Plexin 
A1 t or Plexin A2, or Plexin A3 receptor without activation of said receptor, as said 
peptide described above, or a peptide derived from the sequence of the Plexin A1 t 
or Plexin A2. or Plexin A3 receptor, which is capable of binding to the proteolytic 
Jragmerrt o£_a^^ the binding capacity of said fragment 

to-said receptors, as said peptide described-above. . L_u 

6. The method and compounds for prevention of metastases and treatment of » 
malignant forms of cancer. 

It Is a preferred embodiment of the Invention to use the method provided for 
prevention ol progression of a invasive disease in an individual, wherein invasion of 
cells, other organisms or invasion of itself plays a role in disease pathogenesis, 
comprising 

i) administering said individual a sufficient amount of an agent capable of 

inhibiting expression of a polypeptide belonging to the semaphorin family of 
protefns and/or 

H) administering said individual a sufficient amount of an agent capable of 

inhibiting intracellular or extracellular proteolytic processing of a polypeptide 
belonging to the semaphorin family of proteins, wherein the agent is selected 
from antibodies or fragments of antibodies directed to said polypeptide, or 
fragments or variants of fragments of said polypeptide, and/or 
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Hi) administering said Individual a sufficient amount of an agent capable of 
inhibiting binding a proteolytic fragment of a polypeptide belonging to the 
semaphorin family of proteins to a receptor and thereby inhibiting sequential 
activation of said receptor, 

for the prevention of metastases of cancer in vivo and tumour progression in vivo or 

in vitro. Moreover, it is another preferred embodiment to use said method for the 

treatment of malignant forms of cancer. 

The malignant forms cancer of the invention are cancers, which possess any of the 
malignant cancer phenotype characteristics known in medical literature, for exam- 
ple, being selected from the group comprising carcinomas, melanomas, sarcomas, 
gliomas, or blastemas. 

Furthermore, the invention relates in an additional preferred embodiment to provid- 
. IQ9 5 compound(s) for the manufacture of a medicament(s) /or use (njhenwttiodfpr^^ 
ihpreventien of progression of an invasive dlseassr wherein invasion of cells, other- — 
organisms or invasion of itself plays a role in disease pathogenesis, and/or ii) pre- 
vention of metastases of cancer in vivo and tumour progression in vivo and in vitro, 
and/or iii) treatment of malignant forms of cancer. 

Th& compound of the invention is, in one embodiment, an antisense nucleotide at 
about 19 nucieobases In length comprising at least an 5-nucleobase portion of the 
sequence set forth in SEQ ID NOS: 7, 8, 9 or 1 0, which specifically binds to a 
nucleic acid encoding of a semaphorin polypeptide and thereby Inhibits expression 
said polypeptide. 

In another embodiment, the compound of the invention is a peptide fragment of a 
semaphorin having a sequence of about 8 to about 100 amino acids derived from 
the sequence set forth in SEQ ID NO:1 or SEQ ID NO: 2, comprising a proprotein 
convertase cleavage site RXK/RR, more preferably a peptide fragment of a 
semaphorin comprising amino acid residues in a range of 30 to 50 amino acid 
residues of the sequence LARDPYCAWD GISCSRYYPT GTHAKRRFRR 
QDVRHGNAAQ QCFGQQFVGD (SEQ ID NO:5), amino acid residues being 
numbered from the NMerminus of said sequence, such as 1-50 amino acid residues, 
for example 1-49 amino acid residues, such as 1-48, for example 1-47 amino acid 
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residua, such as 1 -46 amino acid residues, for example 1-45 amino acid residues, 
such as 1-44 amino acid residues, for example 1-43 amino add residues, such as 1- 
42 amino acid residues, for example 1*41 amino acid residues, such as 1-40 amino 
acid residues, for example 1-39 amino acid residues, such as 1-38 amino acid 
5 residues, for example 1-37 amino acid residues, such as 1-36 amino add residues, 
for example 1-35 amino acid residues, such as 1-34 amino acid residues, for 
example 1-33 amino acid residues, such as 1-32 amino acid residues, for example 
1 -31 amino acid residues, such as 1 -30 amino acid residues, or a peptide fragment 
of semaphorin comprising amino acid residues in a range of 24 to 50 amino acid 

1 0 residues of the sequence LARDPYCAWD GJSCSRYYPT GTHAKRRFRR 

QDVRHGNAAQ QCFGOQFVGD (SEQ ID NO:6), amino acid residues being 
numbered from the N-terminus of said sequence, such as 2-50 amino acid residues, 
for example 3-50 amino acid residues, such as 4-50, for example from 5-50 amino 
acid residues, such as 5-50 amino acid residues, for example 7-50 amino acid 

15- . . residues, such_as 8-M an^ 

such as 1 0-50 amino acid residues; for example 1 1 -50-amino^acid residues, such as^. " 
12-50 amino acid residues, for example 1 3-50 amino acid residues, such as 1 4-50 
amino acid residues, for example 1 5-50 amino acid residues, such as 1 6-50 amino 
acid residues, for example 17-50 amino acid residues; such as 18-50 amino acid 

20 residues, for example 1 9-50 amino acid residues, such as 20-50 amino acid 

residues, for example 21-50. such as 22-50 amino acid residues, for example 23-50, 
such as 24-50 amino acid residues. 

In still another embodiment, the compound of the invention is an isolated antibody or 
25 a fragment of antibody, wherein said antibody being raised against a semaphorin of 
the invention, or against natural or artificial variants, or peptide fragments of thereof, 
which specifically binds to and thereby inhibits the cleavage of said semaphorin by a 
serine protease in vivo, in a more preferred embodiment said antibody recognises 
and binds to an epitope located within a sequence of about 5 to about 50 amino 
30 acids In length located in the structural domain of a semaphorin of the invention, 
whioh comprises a proprotein convertase cleavage site RXK/RR. The antibody of 
the invention may be selected from the group comprising a polyclonal antibody or 
monoclonal antibody. 
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In yet another embodiment, the compound of the Invention Is a peptide fragment of 
a semaphorin of the invention capable of inhibiting binding of a proteolytic fragment 
of said semaphorin to a receptor and thereby inhibiting sequential activation of said 
receptor. In a more preferred embodiment, said peptide fragment of semaphorin (s a 
contiguous sequence of at least 8 amino acids derived from the amino acid 
sequence set forth in SEQ ID NO: 3 or SEQ ID N0:4. 

In yet still another embodiment, the compound of the invention is a peptide fragment 
of a Plexin receptor, more preferably, a Plexin A receptor, the most preferably, the 
Plexin A1, or Plexin A2, or Plexin A3 receptor, having a contiguous sequence at 
least of about 8 amino acids derived from the sequence of ectodomain of Plexin A1 
receptor comprising the sequence set forth in SEQ ID NO: 1 1 , or natural or synthetic 
variants thereof, or from the sequence of ectodomain of Plexin A2 receptor 
comprising the sequence set forth In SEO ID NO:12, or natural or synthetic variants 
thereof, or from the sequence of ectodomain of Plexin. A3, receptor comprising the . 
sequence-seHorth in SEQ ID HO: 13, or natural or synthetic variants thereof, 
capable of binding of a proteolytic fragment of a semaphorin of the invention, as said 
fragment defined above. 

Preparation of any peptide compounds of the invention or antibody compounds may 
be done Is as described in detail above. 

In additional embodiment, the compound of the invention may be any molecule that 
will meet requirements described above for either the antisense, peptide or antibody 
compound. In a preferred embodiment, said molecule is having at least about 50% 
bioavailability and is selected from the group comprising acyclic, cyfic or heterocyclic 
hydrocarbons with molcular weights (MW) from 20-1000 containing e.g. oxygen, 
sulphur, nitrogen, phosphor, selenium, boron, fluorine, chlorine, bromine, siilcium or 
metal organic compounds. 

Pharmaceutical compositions containing compounds of the present Invention may 
be prepared by conventional techniques, e.g. as described in Remington: The Sci- 
ence and Practice of Pharmacy 1 995, edited by E. W. Martin, Mack Publishing 
Company, 19th edition, Easton, Pa. The compositions may appear in conventional 
forms, for example capsules, tablets, aerosols, solutions, suspensions or topical 
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applications. Strategies in formulation development of medicaments and composi- 
tions based on the compounds of the present invention generally correspond to for- 
mulation strategies for any other protein or ollgonucleotide-based drug product. Po- 
tential problems with therapeutic peptide formulation and delivery and the guidance 
5 required to overcome these problems are dealt with in several textbooks, e.g. 

Therapeutic Peptides and Protein Formulation. Processing and Delivery Systems", 
Ed. A.K. Banga, Technomic Publishing AG. Basel, 1 995. The methods for pharma- 
ceutical formulation and delivery of therapeutic oligonucleotides of the invention may 
be selected from those, that are, for example, described by Tavitian et aJ., 2002, 
10 Pharm Res 19:367-76, Agrawal et al., 2002, Int J Oncol 21:65-72. Arora et ai.. 2002, 
J Pharm Sci 91 :1 009-1 8 or Lopes and Mayer, 2002, Cancer Chemother Pharmacol 
49:57-68 



The main routes of drug delivery according to the present invention are pareteraily r 

1 5 oral, or topical admlnlstation: Other drug-administration methods, which are effective- — * * - «~ r 

to deiK^the drug to'a target stew • "™ 

also contemplated. 

Compounds of the Invention may be administered parenterally, that is by I ntrave- 
20 nous, intramuscular, suboutaneous, Intranasal, intrarectal, intravaginal or intraperi- 
toneal administration. The subcutaneous and intramuscular forms of parenteral ad- 
ministration are generally preferred. Appropriate dosage forms for such administra- 
tion may be prepared by conventional techniques. The complexes may also be ad- 
ministered by Inhalation, that is by Intranasal and oral Inhalation administration. 

25 

The compounds according to the invention may be administered with at least one 
other compound. The compounds may be administered simultaneously, either as 
separate formulations or combined In a unit dosage form, or administered sequen- 
tially. 

30 

Furthermore, the compounds of the Invention may be administrated together with 
one or more other conventional cancer therapies. Conventional cancer therapy in- 
cludes for example surgery, radiotherapy, chemotherapy, therapy with hormones, 
and Immunotherapy. 

35 
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Injectables are usually prepared either as liquid solutions or suspensions, solid 
forms suitable for solution in, or suspension in, liquid prior to injection. The prepara- 
tion may also be emulsified. The active ingredient is often mixed with excipients 
which are pharmaceutical^ acceptable and compatible with the active Ingredient 
5 Suitable excipients are, for example, water, saline, dextrose, glycerol, ethanol or the 
like, and combinations thereof, in addition, if desired, the preparation may contain 
minor amounts of auxiliary substances such as wetting or emulsifying agents, pH 
buffering agents, or which enhance the effectiveness or transportation of the prepa- 
ration. 



ThH-preparation may suitably be administered by injection, optionally at the site, " -* 

where the active ingredient is to exert its effect. Additional formulations which are 
suitable for other modes of administration include suppositories, nasal, pulmonal 
and, in some cases, oral formulations. For suppositories, traditional binders and 

20 carriers Include poryalkylene glycols or triglycerides. Such suppositories may be 
formed from mixtures containing the active ingredients) in the range of from 0.5% to 
10%, preferably 1-2%. Oral formulations include such normally employed excipients 
as, for example, pharmaceutical grades of mannitoi, lactose, starch, magnesium 
stearate, sodium saccharine, cellulose, magnesium carbonate, and the like. These 

25 compositions take the form of solutions, suspensions, tablets, pills, capsules, sus- 
tained release formulations or powders and generally contain 10-95% of the active 
ingredient(s). preferably 25-70%. 

Other formulations are such suitable for nasal and pulmonal administration, e.g. 
30 inhalators and aerosols. 

The active compound may be formulated as neutral or salt forms. Pharmaceutically 
acceptable salts Include acid addition salts (formed with the free amino groups of 
the peptide compound) and which are formed with Inorganic acids such as, for ex- 
35 ample, hydrochloric or phosphoric acids, or such organic adds as acetic acid, oxalic 



10 



Formulations of the compounds of the invention can be prepared by techniques 
known to the person skilled in the art. The formulations may contain pharmaceuti- 
cally acceptable earners and exdplents Including microspheres, liposomes, micro- 
capsules, nanoparticJes or the (Ike. 
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acid, tartaric acid, mandeiic acid, and the like. Salts formed with the free carboxyt 
group may also be derived from inorganic bases such as, for example, sodium, po- 
tassium, ammonium, calcium, or ferric hydroxides, and such organic bases as iso- 
propytemine, trimethylamine. 2-ethylamino ethanoJ, hlstWIne, procaine, and the like. 

5 

The preparations are administered in a manner compatible with the dosage formula- 
tion, and in such amount as will ba therapeutically effective. The quantity to be ad- 
ministered depends on the subject to be treated,. including, e.g. the weight and age 
of the subject, the disease to be treated and the stage of disease. Suitable dosage 
10 ranges are of the order of several hundred ug active ingredient per administration 
with a preferred range of from about 0. 1 pg to 1 00D //g, such as in the range of from 
about 1 fig to 300 pq, and especially in the range of from about 10 //g to 50 //g. Ad- 
ministration may be performed once or may be followed by subsequent administra- 
tions. The dosage will also depend on the route of administration and will vary with 
- fltt 39*. ! and jweight of the subjecXto be treated. A preferred dosls would be In the 
— interval 30 mg to 70 mg per 70 kg body weight. ...... 



15 



Some of the compounds of the present invention are sufficiently active, but for some 
of the others, the effect will be enhanced if the preparation further comprises phar- 
20 maceutically acceptable additives and/or carriers. Such additives and carriers will be 
known in the art. In some cases, it will be advantageous to include a compound, 
which promote delivery of the active substance to its target 

In many instances, It win be necessary to administrate the formulation multiple 
25 times. Administration may be a continuous infusion, such as Intraventricular infusion 
or administration In more doses such as more times a day, daily, more times a 
week, weekly, etc. Many of the compounds exhibit a long term effect whereby ad- 
ministration of the compounds may be conducted wfth long intervals, such as 1 
week or 2 weeks. 

30 

The administration may be continuous or in small portions based upon controlled 
release of the active compound(s). Furthermore, precursors may be used to control 
the rate of release and/or site of release. Other kinds of Implants and well as oral 
administration may similarly be based upon controlled release and/or the use of pre- 
35 cursors. 
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7. Method for diagnosis and prognosis of malignancy of cancer 

Another additional embodiment of the present Invention relates to a method which Is 
aimed to be used for diagnosis of malignant cancer and/or prognosis of malignancy 
of cancer, comprising 

i) assessing the rate of expression of semaphorin polypeptides of the invention 
in a tumour, and/or 

H) detecting fragments of the semaphorin polypeptides of the invention in a 
body liquid, such as blood, urea or faeces, and/or 

HI) measuring the ratio between full length semaphorin polypeptides of the 
15 Invention and peptide-fragmentsof.saldsemaphorins In a tumor andfor a 

body liquid rsuch as blood/urea or faeces." ' "' " * 

Typical embodiments of diagnostic methods which utilize semaphorin specific 
oligonucleotides, polypeptides, and antibodies are analogous to those methods from 

20 wen-established diagnostic assays which employ, e.g., semaphorin specific 

oligonucleotides, polypeptides and antibodies. For example, just as semaphorin 
specific oligonucleotides are used as probes and primers in Northern and PCR 
analysis to observe the presence and/or the level of semaphorin mRNAs In methods 
of monitoring semaphorin overexpression or the metastatic ability of mouse tumour 

25 cell lines (Christensen et al. 1 998, Cancer Res 58:1 238-44). the oligonucleotide 
compounds of the invention can be utilized in the same way to detect the 
semaphorin polypeptides overexpression in a tumor or evaluate the metastatic 
ability of a tumor expressing this gene. Alternatively, the semaphorin polypeptides of 
the invention are used to generate the antibodies specific for semaphores which 

30 can then be used to* observe the presence and/or the level of semaphorin 
polypeptides and their peptide fragments in tissues employing methods of 
Immunodetection well known in art. 

For detecting semaphorin polypeptides of the Invention and their fragments In a 
body liquid, such as blood, urea or faeces the methods employing the antibody 
35 compounds described above can be used. These methods are well known In art and 
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include conventional screening methods such as, for example, Immunoblotting, 
ELISA, or new technologies, such as, for example, ProtdnChip/SELDI-TOF-MS. 
It is still another important embodiment of the invention to use the compounds of the 
invention described above for the manufacture of a kit(s) for diagnosis and/or 
prognosis of malignancy of a tumour. 

Examples 

Example 1. Cloning of human and mouse semaphoring 

A 885 bp fragment of the human SEMA3E gene was cloned by degenerate PCR 
using cDNA derived from human MDA-MB-468 total RNA and degenerate primers 
designed to bind sequences encoding semaphorin- specific amino-acid motifs: 
5-CGGGATCCAT(ATC/T)TT(^ (SEQ 
ID NO: 14) , the sense primer encoding the YFFFTEK motif , and 
5'GCGGATCCTCCCA(^ 

ID NO: 15)rthe antlsense primer complementary -to the sequence encoding the - 
DPYCAWD motif. The amplified sequence was directly cloned onto the TA cloning 
vector pCRIl {Invitrogen). 

Fragments of murine Sema3A, 3B, and 3C were isolated from day 14 embryos us- 
ing RT-PCR, with the following set of primers: • 

5'ACATGCACACAGCAGATCCC-3'(sema3A anfisense) (SEQ ID NO: 16); 
5 'GGAAG AGCCCTTATGATCCC-3'(sema3A sense) (SEQ ID NO: 17); 

5 'CAACTCCAGGTACTG AG CAC-3'(sema3B antisensa) (SEQ ID NO: 18); 
5'AATGCAACTGGGCAGGGAAG-3"(sema3B sense) (SEQ ID NO: 1 9); 

5TACACACACACTGCCGATCC-3'(SBma3C amisense) (SEQ ID NO: 20); 
5*CTCACCTGTATGTCTGTGGG-3'(sema3C sense) (SEQ ID NO: 21). 

Northern hybridisations were performed as previously described (Christensen et al, 
1998, Cancer Res 58:1238-44). Figure 1 demonstrates Northern hybridisation of 
subclass 3 aemaphorins to RNA from mouse mammary tumor cell lines and immor- 
talised fibroblasts. 
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To generate antibodies the sequence enoodJng the amino terminal part of mouse 
Sema3E aa 28-98 was released from the pGEX20T plasmid by BamHI restriction 
and recloned into the pQE30 plasmid, that allowed the production of a histldine 
tagged-Sema3E fragment in XL1 cells and purification using Ni2+ resin under de- 
naturing conditions using reagents and conditions described in the Xpress protein 
purification system (Invitrogen). Polyclonal antibodies were raised In rabbits. Boost- . 
ing was done with sema fragment that had received further purification by electro 
elution after SDS-PAGE. Figure 2 shows that these antibodies detect three major 
isoforms of SemaSE: of about170 kDa. 90 kDa and 65 kDa. 

Example 2. Mouse Sema3E and human SEMA3E expression constructs. 

The pBluescript phagemid containing full-length cDNA of Sema3E was used as the 
template for thB coding part of Sema3E cDNA was amplified by PCR using the 
ser^e^rlrrjer^ 'AGAGGACaGpCCCGCCG.CCAjCGAXGGC^CCr3 '.(SEQJD &Q;__22)_ < 
■ togetherwith one-of two antisense primers, either .-v. 
5CGGCAGAGGGGGCCCTCAGGAGAGCAGCG-3'(SEQ ID NO: 23) (encoding a . . 
stop codon) or 5'GGGCCCGCGCCCTCGGGAGAGCAGCGTGTG-3'(SEQ ID NO: 
24 ) (allowing read through). . 

The PCR products were cloned into the TOPOTA pCR2.1 vector (Invitrogen). The 
sema3E sequence was released from the pCR2.1 exploiting Apal sites and recloned 
into the pcDNA3.1 (-)/zeo R to generate a full-length non-tagged Sema3E or into 
pcDNA3.1 myc-his/neo n to generate a full-length Sema3E containing a myc tag in 
the carboxy terminal. A pcDNA3.1 mychis/neo R encodes a carboxy terminal trun- 
cated form of Sema3E lacking the RXXR proteolytic site (sema3E (+)(-)myc). The 
furin proteolytic site KRRFRR was mutated to KRSFGG by PCR site directed muta- 
genesis performed on the pCR2.1: Sema3E plasmld using the sense primer 
5"-TTCGGCGGGCAGGACG7TCGGCATGGCAACGCC-3'(SEQ ID NO: 25) 
and the antisense primer 

5'-GCTTCTCTTTGCGTGTGCACCTGTTGGGTAGTA-3* (SEQ ID NO: 26). 

The PCR was performed using the ExSite PCR site directed Mutagenesis Kit ac- 
cording to the manual (Stratagene). Exploiting the existence of a BamHI site and a 
EcoRI site in the coding part of the Sema3E cDNA, a cassette containing the mu- 



Sl 




11/07 2002 14:4ft FAX 



-» PVS 



@062 



P682DK00 



58 



15 



20 



25 



30 



tated site was excised by EcoRI and BamHI digestion, and exchanged with the cor- 
responding wild-type sequence in the pcDNA3.1 /neo": sema3E(+)(-)myc to obtain 
the construct encoding serna3E(-)(-)myc, and into the pcDNA&t/zeo": sema3E-myc 
to obtain the sema3E(-)(+)myc. To obtain a construct encoding the secreted p61- 
Sema3E-myc fused to alkaline phosphatase <AP) in the amino terminal. Sema3E 
was amplified from the pCR2.i:sema3E using the sense primer 
5-CTGCAGAGGCTACGCCTGTCACATAAAGAAC-3' (SEQ ID NO: 27) (containing 
a Pstl Tinker) and the antisense primer 

5 "GGGCX^CTAGTGCACCTGTTGGGTAGTACCTG-3 * (SEQ ID NO: 28) (containing 
an Apal linker). 

The ampfified sequence was cloned into the pSecTag:AP-myc vector to generate 
the construct encoding AP-p61 sema3E-myc. To generate a pcDNA3.1/zeo H con- 
struct encoding p81sema3E-myc, pSecTag: AP-p61sema3E-myc was cut with Xhol 
and Pmel. and the released fragment clonedj.rrtp^the ^hpLaraj Pnaeidigested 
- pcDNA3.t/zeo R /sema3E-myc; 

The Sema3E open reading frame was amplified from the pCR2.1 vector containing 
the Sema3E PGR fragment (minus stop codon) described above. The sense primer 
was 5'-GGTCAC TCTGCAGGCCCCTCCTACGCCAG-3' (SEQ ID NO: 29) con- 
taining a Pstl site, and the antisense primer was 

5'^3GGCGGCX)GCTCCCTCGGGGG-3' (SEQ ID NO: 30) containing a Not! site. 

A construct encoding the p61 isoform of Sema3E (p6t-Sema3E-MH) was engi- 
neered from the pPICZaB:sema3E-myo-6xHis plasmid. This plasmid was digested 
with Vnel (site 20B6 in the Sema3E sequence submission 280941 ), followed by 
treatment with Klenow polymerase, and digestion with Pstl. The released fragment 
was recloned onto the pPlCZaB vector that had received a similar treatment of Xbal 
digestion, Klenow treatment, and digestion with PsU. 

Example 3. Expression of Sema3E-proteins In Plchfa Pastoris 

The sema3E open reading frame was amplified from the pCR2.l vector containing 
the sema3E PCR fragment (minus stop codon) described above. The sense primer 
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was S'-GGTCACTCTGCAGGCCCCTCCTACGCCACM' (SEQ ID NO: 29) contain- 
ing a Pstl site.and the antisense primer was 

5'-GGGCGGCCGCTCCCTCGGGGG-3'{SEQ ID NO: 30) containing a Notl site. 

5 The amplified fragment no longer contained the 5 'sequence encoding the native 

signal peptide of Sema3E. The fragment was cloned Into the pPICZaQ vector using 
Pstl and Notl restriction sites giving the Sema3E coding sequence fused in the 
5'end to the yeast a-f actor sequence under the methanol responsive promoter of 
the alcohol oxidase gene from Pichia Pastoiis (pPICZaB: sema3E-myc-6xHis). 

10 

A construct encoding the p61 isoform of Sema3E (p61-Sema3E-MH) was engi- 
neered from pPICZoB:sema3E-myc-6xHls plasmid. This plasmld was digested with 
Vnel (site 2066 in the sema3E sequence submission ZB0941 ), followed by treatment 
with Kienow polymerase, and digestion with Pstl. The fragment released was re- 

""' '""IS" cloned onto the pPICZftB vector that had received a similar treatment of Xbardiges^" 

tlon, Kienow treatment, and digestion with Pstl. 

The constructs were transformed into the P. Pastoris strain GS1 1 5 by electropora- 
tion, and positive clones were identified by zeocln selection. Experimental conditions 

20 were as described in the EasySelect Pichia Expression Kit manual (Invilrogen). Ex- 
pression of the Sema3E proteins was induced by growing yeast cells in potassium 
phoshate-buffered minimal medium {pH 6) containing histidin and 0.5% (v/v) metha- 
nol. After 72-96 h, expression of aema3E RNA was detected by Northern hybridisa- 
tion of a ^P-labelled sema3E probe to yeast RNA isolated using glass beads/ phe- 

25 nol-chloroform, whereas detection of Sema3E protein was done by western hybridi- 
sation of the growth medium concentrated 50-100 times to anti-Sema3E antibodies, 
anti-myc antibodies (9E10) or anti-pentahistidine antibodies (Qiagen). The p61- 
Sema3E-MH protein was purified from the medium using Ni2+ affinity chromatogra- 
phy. 

30 

Example 4. Stable transfectlon of mammalian ceils with SemaSE. 

Mouse 1 S8FARN cells were transfected by electroporation. In brief 10 6 1 68FARN 
35 cells in 100 pL PBS were mixed with 1Q^g plasmid DNA encoding different sema- 

horin constructs and electroporated in a BioRad Gene Pulser at 250 V, 250 //F using 
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Gene Pulser Cuvettes {0.4 cm electrode gap). For establishment of stable transfec- 
tants, 4000 cells in 200 pL DMEM + 10 % FCS were distributed In each well on 96 
well plates (Nunc). The day after the medium was exchanged for DMEM + 1 o% 
FCS + 500^g/mL zeocin (Invitrogen). Transient transfections of 168FARN cells 
5 were made using lipofectamine according to the instructions provided by the manu- 
facturer (Invitrogen). 

Monkey kidney COS-7 cells were transfected by the diethylaminoethyl (DEAE) dex- 
tran method (Pharmacia-Amersham) or the npofectanrrine method {Invitrogen). In the 

10 DEAE dextran method, COS-7 cells were grown in 10 cm dishes until they reached 
-80 % confluence. They were then washed twice In PBS, and incubated for 30-40 
min at 5% CO* 37°C with 2 mL of a 1 :l mixture of 0.5-8 pg plasmld encoding differ- 
ent semahorin constructs diluted in PBS and 0.8 mg/mL of DEAE dextran in PBS. 
10mL DMEM +10% FCS +iOmM chloroqulne (Sigma) was added and the cells were 

* & • : H^ intheincu ^ 

were given aTarief shock for 3 min with DMEM +1 0%FCS+ 1 0% DMSO. After 
washing once in PBS, cells were left to recover over night in DMEM +10% FCS. For 
collection of conditioned medium, cells were washed with 3 x 10 mL of serum free 
DME/F1 2 and left with 1 0 mL of this medium for 48 -72 h. In the lipofectamine proto- 

20 col, COS-7 cells were transfected according to the instructions provided by the 

manufacturer (Invitrogen). A Population of pcDNA3.1/sema3E-transfected ceils was 
maintained In 1000 //g/mL to generate a stable ceil line secreting a modest amount 
of Sema3E. 

25 Human kidney HEK293 cells were transfected using the method of calcium phos- 
phate precipitation. In brief, 4x10* cells in DMEM + 10% FBS were seeded In a 1 0 
cm dish the day prior to transfection. 2 h before transf ection the growth medium was 
changed for fresh. 1 0 pg plasmld were diluted in 450 pL of a 2:1 mixture of 0.1 x TE 
buffer and water, and 50 jjL of 2.5 M CaCI 2 was added. To this solution 500 //L of 2 

30 x HBS was added drop wise while vortexing (2x HBS: 281 mM NaCI, 1 00 mM 
Hepes, 1.5 mM NaaHPO*. pH 7.12). The mixture was finally poured onto the 
HEK293 cells. The CaPj precipitate was allowed to stay on the cells for 16 h, then 
the cells were prepared for the collection of conditioned medium as described be- 
low. 

35 
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Expression of different Sema proteins is shown in Figure 2. Figure 2 demonstrates 
that Sema3E Is expressed by transfected COS-7 and 168FARN calls and can be 
detected in the medium by immunoblotting. 

Example 5. Both the dimer of fulWangth SemaBE and the p61-sema3E Isoform 
stimulate neurite outgrowth from PC12 ceOs 

Conditioned medium from COS-7 cells stably transfected with full-length Sema3E 
was collected and fractionated using heparin-sepharose affinity chromatography and 
consequent size-exluBion fractionation. Fractions containing different isoforms of 
Sema3E were collected and tested for neuritogenJc activity. 

PC12E2 celts were plated on poly-L-lysine coated 48-well plates (Costar) (5,000 
cells/well) and grown overnight in DME/F12 medium supplemented with 5% foetal 

.c^semjji(FC^an^ (HSlat 37C?,5% CO,. The chroma^ 

tographic fractions we dialyzed against DME/F1 2 medium without serum, protein 
concentration was adjusted to 1 0 pg/ml, and diluted 1:1 in conditioned medium col- 
lected from non-transfected COS-7 cells grown for 72 h in serum free DME/F12 me : 
dium. PC1 2E2 ceDs were incubated with samples of different Sema3E fractions for 
48 h, afterwards ceils were fixed with 11% glutaraldehyde in PBS. washed in PBS 
and stained with 0,1 % crystaJ violet in 20% methanol, and neurite outgrowth was 
quantified. Quantification was done by counting 100-150 cells/per microscopic field 
at 125 x magnification and then calculating the percentage of cells exhibiting at least 
one neurite with a length of two cell diameter. A neurite outgrowth index was calcu- 
lated In each experiment dividing the percentage of neurite outgrowth index in the 
test sample by the percentage of neurite outgrowth Index In response to conditioned 
medium from COS-7 cells without Serna3E proteins (negative control). Other con- 
trols were: nerve growth factor (NGF), tested at concentration 500 ng/ml (positive 
control), and non-fractionated conditioned medium from COS-7 cells expressing full- 
length Sema3E, tested at concentration 50 //g total protein/ml. Activity was defined 
as the index divided by 2. 

Figure 3 demonstrates that fractions containing the p87:p87-Sema3E dimer (frac- 
tions #5 and #8) and p81 -Sema3E (fractions #1 3 and #1 4) had the strongest stimu- 
latory effect on neurite outgrowth from PC12E2 cells. The estimated effect was 28- 
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35% for fractions containing the dlmer, and 24-39% for the truncated p61-Sema3E 
isoform, the effect being compared to negative control (conditioned medium from 
COS-7 ceils without Sema3E proteins). 



The truncated p61 isoform of Sema3E was further expressed as recombinant pro- 
tein (p62-Serna3E-MH) in Pichia pastoris as described above, purified using Ni2+- 
affinity chromatography and tested in a neurite outgrowth assay described above. 
Figure 4 shows that p62-Sema3E-MH at concentration 150 ng/ml had a 30% stimu- 
latory effect on neurite outgrowth induction compared to bovine serum albumine 
(negative control, 125 ng/ml). NGF at (positive control, 125ng/ml) stimulated neurite 
outgrowth up to 40%. 



Example 6. The p61-Sema3E isoform, but not the dinner of full-length Sema3E 
stimulate endothelial cell motility. 

J5 ^ i ^ 

200.000 endothelial mouse lymph nodes SVEC4-10 cells were suspended either In * k 
serum free DME/F12 (t :1 ) medium containing 25 mM Hepes pH 7.4, 0.1 % BSA and • 
D-glucose, or conditioned medium collected from cells expressing different Sema3E . • 
constructs and were loaded inthe top compartments of blindwell chambers. The * * 

20 oells were left to adhere to fibronectin-coated polycarbonate filters within 3 h after 
seeding, and allowed to migrate through the pores of the filters in the next 3-6 h . 
Conditioned media from Sema3E or mock transfected 168FARN cells and COS-7 
cells transfected with a pcDNA3.1: LacZ were used to examine the effect of the 
presence of Sema3E In the medium on endothelial cell motility. Migration of SVEC4- 

25 1 0 cells was evaluated after 5 h exposure to the conditioned media with or without 
Sema3E. 



Medium from 1 68FARN: sema3E clones were -2 time more effective in stimulation 
of cell motility of SVEC4-10 cells than medium from parental 168FARN or mock- 
transfected cells. Medium from COS-7: sema3E clones were -6 times more effec- 
tive than medium from COS-7: lacZ (Figure 5). 

Motility of primary lung mterocapiilary endothelial cells, LE-1 , In response to condi- 
tioned medium from 1 68FARN and 168FARN:sema3E was also increased, whereas 
motility of hepatic sinusoid endothelial cells, HSE, was not Influenced (Figure 6). 
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This activity was due to the Sema3E protein presence in conditioned medium, eince 
an increase in motility of ceils was reduced by immune-precipitation of Sema3E. 

The full-length Sema3E expressed in ceils can give a raise to several naturally oc- 
curring isofomis of Sema3E, such as for example the truncated p61 -Sema3E. a full- 
length p87-Sema3E, or a dinner p87:p87-Serna3E. The effect of different Isoforms of 
Sema3E on cell motility was studied by using the isofomis purified from conditioned 
medium collected from tranfected COS-7 cells In the assay described above. The 
proteins were purified by heparin-sepharose affinity chromatography with following 
size-exclusion chromatography. All fractions collected from the size-exclusion col- 
umn were tested for the presence of cell-motllity-stimulating activity. Figure 3 dem- 
onstrates that only the p81-Sema3E containing fractions (fractions #13 and #14) 
were attractive for SVEC4-10 cells. 

. W hen us ed 1 -1 00 ng/m! .recombinant p62^erna3E-MHproducecj in yeast and pre- 

pared as described above, the stimulation of cell motility was 2 times higher then in 

: control treatments (Figure 7). The effect of the recombinant protein was doubled 
when 375 pg/cm 2 heparan sulphate proteoglycan (HSPG), Periican was mixed with 
f ibronectin for coating the adherence filters (Figure 8A). The presence of soluble 
heparin in the medium at concentrations 1 -1 0j/g/ml, opposite, decreased the re- 
sponse of SVEC4-10 cells to the p61-Sema3E-MH to the basal level (Figure 8B). 

Example 7. Expression of Sema3E Increases ability of tumor ceils to colonise 
the lung in vivo 

Non-metastatic 1 68FARN mouse tumour cells were stably transfected with the 
pcDNA3.1 (-)/zeo R vector encoding a wild-type Sema3E, or mock transfected with 
the empty vector as described above. Two clones expressing secreted Sema3E, 
1 68FARN: 2s and 168FARN: 1 4, and a mock transfected clone, 1 68FARN: 1 6 were 
tested for their ability to colonise the lungs In the experimental metastasis assay as 
described previously (Chrlstensen etal, 1998. Cancer Res 58:1238-44). Briefly, 10* 
cells were Injected In the tall vein of female Balb/c mice (age 8-9 weeks). 4 weeks 
later the lunge were examined for tumour growth. Figure 9 shows that the growth of 
Sema3E expressing tumour cells in the lungs increased the overall weight of the 
lungs by 300%. The sema3E expressing cells. 168FARN: 2s and 1 68FARN: 14 
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colonized the lungs and produced large tumours, whereas parental 168FARN cells, 
or mock transfected cells, 1 68FARN:16, gave no visible lung tumours. 

Example 8. Induction the experimental lung metastasis by 168FARN cells ex- 
pressing p61-Sema3E 

168FARN cells were stably transfected with constructs encoding 1-560 amino acid 
fragment of the sequence SemaSE, which corresponds to 61 kDa fragment of 
Sema3E (p61-Sema3E) # a full-length Senrca3E mutated on KRRFRR site (Sema3E(- 
)(+)myc), and a wild-type full-length Sema3E as described above, and stable clones 
expressing the proteins were injected to mice to induce the experimental metastasis. 
10 6 cells of each clone expressing different constructs were injected Into the tail vein 
of female Balb/c mice. After 24 days the lungs were excised, weighted and scored 
for the presence of visible lung tumours. The p61-Sema3E clones (two groups : 

done#1 , n=B; clone#5,.n=6) were highly.aggressive compared tp el control group — . 

(irpcted with the ceils expressing a^retecTalkalFne phosphatase (AP)), showing — 
an increase in overall lung weight at about 300%. When these groups were com- 
pared to two groups of mice injected with the mutated Sema3E(-)(+)myc (clone#1 4, . • 
n=7; and done#6, n=7). the difference was about a double increase in the lung 
weight in the groups with aggressive clones (Figure 10). The group injected with the 
ceils expressing wild-type sema3E fused with AP (AP-Sema3E) also demonstrated 
a massive tumour growth, indicating that the 61 kDa fragment of Sema3E is in- 
volved In promotion of metastasis Independently on the way of delivery of this frag- 
ment either by in vivo proteolysis of full-length Sema3E, or by overexpression. 

Example 9. 3D co-culture of SVEC4-10 and 168FARN. 

100.000 cells in 10//! were aggregated by incubation in a hanging drop at 37 °C for 
4 h. The aggregates were moved onto a layer of solidified ECM gel (matrigel) so, 
that SVEC4-1 0 aggregates were placed 3-5 mm apart from the aggregates of 
16BFARN.AP (clone#3, control clone expressing AP), or 1 68FARN:p61 -Sema3E 
(clone#5, expressing the non-tagged p6l-sema3E isoform) , or 168FARN:AP- p61- 
Sema3E (clone#5, expressing the AP-tagged p6l Isoform). Another layer of matrigel 
was added on the top of the aggregates. After 7 days of incubation aggregates were 
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examined for Invasive growth. The Invasion of SVEC4-1 0 endothelial cells was ob- 
served In co-cultures with p61-Sema3E transfected 16BFARN cells (Rgure 11). 



What Is claimed is: 

1 . A method for prevention of progression of an invasive disease in an individual, 
wherein Invasion of ceils, other organisms or invasion of itself plays a role in 
disease pathogenesis, comprising 



i) administering to said individual a sufficient amount of an agent capable 
of inhibiting expression of a polypeptide belonging to the semaphorin 
family of proteins and/or 

J_-i~J»). — . ^dmJnlsteil^ anagent caj>jtoje.__. 

of inhibiting intracellular or extracellular proteolytic processing of a 
polypeptide belonging to the semaphorin family of proteins, wherein the • 
- agent Is selected from antibodies or fragments of antibodies directedto 
said polypeptide, or fragments or variants of fragments of said 
polypeptide, and/or 

iii) administering to said individual a sufficient amount of an agent capable 
of inhibiting binding of a proteolytic fragment of a polypeptide belonging 
to the semaphorin family of proteins to a receptor and thereby Inhibiting 
sequential activation of said receptor. 

2. The method of claim 1 , whBrein the disease is selected from the group 
comprising autoimmune, Infectious or neoplastic diseases. 

3. The method of claim 2, wherein the autoimmune disease is selected from the 
group comprising rheumatism, lupus erythematosus, systemic sclerosis, 
acrosclerosis, CRST syndrome, scleroderma, or rheumatic arthritis. 



Claims 
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4. The method of claim 2, wherein the Infectious disease Is selected from the group 
comprising tuberculosis, sepsis, HIV/AIDS, intestinal infectious diseases, 
meningitis, encephalitis, mycoses, or parasitic diseases. 

5 5. The method of claim 2, wherein the neoplastic disease is cancer. 

6. A method for prevention of metastasis of cancer in vivo and tumor progression in 
vitro and/or in vivo t comprising 

1 0 i) administering directly or indirectly to cancer cells an agent capable of 

Inhibiting expression of a polypeptide belonging to the semaphorin family of 
proteins and/or 

ID administering directly or Indirectly to cancer cells an agent capable of 

1 5 Jph'biting Intracellular or extracejlular proteolytic BIH^I^iA^USiffifPjde^ 

, — r . — belonging to the semaphorin family of proteins, whereinthe-agent-is selected 
from antibodies or fragments of antibodies directed to said polypeptide, or 
fragments or variants of fragments of said polypeptide, and/or 



20 Hi) administering directly or indirectly to cancer cells an agent capable of 

inhibiting binding of a proteolytic fragment of a polypeptide belonging to the 
semaphorin family of proteins to a receptor and thereby inhibiting sequential 
activation of said receptor. 

25 7. The method of claim 6, wherein the cancer Is lung, blood, breast, prostate, 

ovary, brain, kidney, lever, bladder, uterus, haemopoietlc tissue, metabolic and 
endocrine system, eplthella, muscle, bone cancer, or cancer of unknown origin. 

8. The method of claim 6, wherein the cancer Is lung cancer. 

30 

9. The method of any of tha claims 1-8, wherein the polypeptide of the semaphorin 
family belongs to the group comprising polypeptides of the subclass 3 secreted 
semaphores or variants, or fragments, or variants of fragments thereof. 
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1 0. The method of claims 1 -8 t wherein the polypeptide of the semaphorin family 
belongs to the sub class 3 secreted mouse semaphoring or variants, or 
fragments, or variants of fragments thereof. 

1 1 . The method of claims 1 -8, wherein the polypeptide of the semaphorin family 
belongs to the subclass 3 secreted human semaphoring or variants, or 
fragments, or variants of fragments thereof. 

12. The method of claim 1-B, wherein the polypeptide of the semaphorin family is 
mouse Sema3E having the amino acid sequence set forth in SEQ ID NO:1 , or 
natural or synthetic variants, fragments, or variants of fragments thereof. 

13. The method of claim 8, wherein the polypeptide of semaphorin family Is human 
SEMA3E having the amino acid sequence set forth In SEQ ID NOr2, or naturai 

«^or.synthetic variants, fragments,.^ varjants pHragments thereof. 



14. The method of any of the claims 1-13, wherein the agent capable of inhibiting 
expression of a polypeptide belongfng to the semaphorin family of proteins is an 
antisense nucleotide compound of 19 nucleobasea in length which specifically 
binds to a nucleic acid sequence encoding the semaphorin as defined in any of 
the claims 9-1 3, and inhibits expression thereof. 

1 5. The method of any of the claims 1 -1 3, wherein the semaphorin of any of the 
claims 9-13 is cleavabie by a serine protease in vivo. 



1 6. The method of claim 1 5, wherein the serine protease belongs to the family of 
paired basic amino-acid-cleavlng proproteln convertase, comprising PC1/PC3, 
PC2, PC4, PC5/PC6, PC7/PC8, PACE4, orfurin. 

17. The method of claim 1 6, wherein the serine protease is furin. 

18. The method of any of the claims 1-17, wherein the agent capable of inhibiting 
proteolytic processing of the semaphorin as defined in any of the claims 9-13 is 
a peptide fragment of said semaphorin, or variants thereof. 



25 



35 
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19- The method of claim 18, wherein the peptide fragment of semaphorin comprises 
an amino acid sequence RXK/RR. 

20. The method of the claims 18 and 19, wherein the peptide fragment of 
5 semaphorin is a natural or synthetic contiguous amino acid sequence of at least 

8 amino acids, such as for example a sequence of at least 1 2 amino acids, such 
as for example such as for example a sequence of at least 1 6 amino acids, such 
as for example a sequence of at least 20 amino acids, such as for example a 
sequence of at least 24 amino acids, such as for example a sequence of at feast 

10 28 amino acids, such as for example a sequence of at least 32 amino acids, 

such as for example a sequence of at least 36 amino acids, such as for example 
a sequence of at ieast 40 amino acids r such as for example a sequence of at 
least 44 amino acids, such as for example a sequence of at least 48 amino 
acids, such as for example a sequence of at least 52 amino acids, such as for 

15 _ example asequence of at least 68 amino acWs, such asjor example a 

sequence of at least 84, such asfor example s sequence of at least 100 amino— 
acids, such as for example a sequence of at least 150 amino acids, such as for 
example a sequence of at least 200 amino acids, such as for example a 
sequence of at least 250 amino acids, such as for example a sequence of at 

20 least 300 amino acids, such as for example a sequence of at least 400 amino 

acids, such as for example a sequence of at least 500 amino acids derived from 
the sequence set forth in SEQ ID NO: 1 or SEQ ID NO: 2, or variants of thereof, 
capable of binding a proprotetn convertase and thereby inhibiting the activity of 
said convertase. 

25 

21 . The method of the claims 17, 18 and 1 9, wherein the peptide fragment of 



semaphorin comprising amino acid residues in a range of 30 to 50 amino acid 
residues of the sequence LARDPYCAWD GtSCSRYYPT GTHAKRRFRR 
QDVRHGNAAQ QCFGQQFVGD (SEQ ID NO: 5), amino acid residues being 
numbered from the N-terminus of said sequence, such as 1-50 amino acid 
residues, for example 1-49 amino acid residues, such as 1-48, for example 1-47 
amino acid residues, such as 1-46 amino acid residues, for example 1-45 amino 
acid residues, such as 1-44 amino acid residues, for example 1-43 amino acid 
residues, such as 1-42 amino acid residues, for example 1-41 amino acid 
residues, such as 1-40 amino acid residues, for example 1-39 amino acid 
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residues, auch as 1-38 amino acid residues, for example 1-37 amino acid 
residues, such as 1-36 amino aokJ residues, for example 1-35 amino acid 
residues, such as 1-34 amino acid residues, for example 1-33 amino acid 
residues, such as 1-32 amino acid residues, for example 1-31 amino acid 
5 residues, such as 1-30 amino acid residues. 

22. The method of the claims 17, 1 8 and 1 9, wherein the peptide fragment of 
semaphorin comprising amino acid residues in a range of 24 to 50 amino acid 
residues of the sequence LARDPYCAWD GISCSRYYPT GTHAKRRFRR 
1 0 QDVRHQNAAQ QCFGQQFVGD (SEQ ID NO:6), amino acid residues being 

numbered Irom the N- terminus of said sequence, such as 2-50 amino acid 
residues, for example 3-50 amino acid residues, such as 4-50 amino acid 
residues, for example from 5-50 amino acid residues, such as 6-50 amino acid 
residues, for example 7-50 amino acid residues, such as 8-50 amino acid 
-J$ residues, fpr^example J-50.arnino acid residues, such as .1 0-50 amino acid 

. v residues, forexample 11-50 amino aoid residues, such- as 12-50 amino acid 

residues, for example 13-50 amino acid residues, such as 14-50 amino acid 
residues, for example 15-50 amino acid residues, such as 1&-50 amino acid 
residues, for example 17-50 amino acid residues, such as 1 8-50 amino acid 
20 residues, for example 1 9-50 amino acid residues, such as 20-50 amino acid 

residues, for example 21-50 amino acid residues, such as 22-50 amino acid 
residues, for example 23-50 amino acid residues, such as 24-50 amino acid 
residues. 

25 23. The method of claims 1 and 6, wherein the agent capable of inhibiting proteolytic 
cleavage of the semaphorin as defined in any of the claims 9-13 is an antibody 
or a fragment of an antibody, said antibody being raised against said 
semaphorin, or natural or artificial variants, or peptide fragments thereof, which 
specifically binds to and inhibits the cleavage of said protein by a serine 

30 protease in vivo. 

24. The method of claim 23, wherein the antibody recognises and binds to an 
epitope located within a sequence of about 5 to about 50 amino acids in length 
located in the structural domain of the semaphorin as defined in any of the 
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claims 9-1 3, said domain comprising a proprotein convertase cleavage site 
RXK/RR. 

25. The method of cialm 23, wherein the antibody Is raised against a polypeptide 
having an amino acid sequence set forth in SEQ ID NO:1 or SEQ ID NO: 2. or 
variants or fragments thereof. 

26. The method of claim 23. wherein the antibody is raised against a peptide as 
defined in any of the claims 18*22. 

27. The method of any of claims 23-26, wherein the antibody is an Isolated 
polyclonal antibody. 

28. The method of any of claims 23-26, wherein the antibody Is an Isolated 
.15 monoclonal antibody. . . . 

29. The method of claims 1 and 6, wherein the agent capable of inhibiting binding of 
a proteolytic fragment of a polypeptide belonging to the semaphorin family of 
proteins to a receptor and thereby inhibiting sequential activation of said 

20 receptor Js a peptide fragment of the semaphorin as defined in any of the claims 

9-13. 

30. The method of claim 29. wherein the peptide fragment is a contiguous 
sequence of at least B amino acids derived from the amino acid sequence set 

25 forth in SEQ ID NO: 3 or SEQ ID NO: 4 variants, orfragments, or variants of 

fragments thereof. 

31. The method of claims 1 or 6 F wherein the agent capable of inhibiting binding of a 
proteolytic fragment of a polypeptide belonging to the semaphorin family of 

30 proteins to a receptor and thereby inhibiting sequential activation of said 

receptor is a peptide fragment of a Plexin receptor comprising a site for binding 
said proteolytic fragment, or natural or synthetic variants thereof. 

32. The method of claim 31 , wherein the receptor is a receptor from the Plexin A 
35 subfamily of receptors. 
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33. The method of claim 31 f wherein the receptor is Plexin A1 , Plexin A2 or Plexin 
A3. 

34. The method of claim 31, wherein thB peptide fragment is a contiguous sequence 
of about 6 amino acids derived from the sequence ol the ectodomain of the 
Plexin A1, Plexin A2 or Plexin A3 receptor comprising 1-542 amino acid residue 
of the sequence set forth in SEQ ID NOS: 1 1 , 12 or 13. or natural or synthetic 
variants thereof. 



10 



35. A method for treatment of malignant forms of cancer, comprising 



i) administering to an individual an effective amount of an agent capable of 
Inhibiting expression of a polypeptide belonging to the semaphorin family of 
15 proteins and/of 

tl) administering to an individual an effective amount of an agent capable of 
- • inhibiting intracellular or extracellular proteolytic processing of a polypeptide 

belonging to the semaphorin family of proteins, wherein the agent is selected 
20 from antibodies directed to said polypeptide, or fragments or variants of 

fragments of said polypeptide, and/or 

ifi) administering to an individual an effective amount of an agent capable of 

inhibiting binding of a proteolytic fragment of a polypeptide belonging to the 
25 semaphorin family of proteins to a receptor and thereby Inhibiting sequential 

activation of said receptor. 

36. The method of claim 35, wherein the agent is as defined in any of the claims 1 4- 
34. 

30 

37. The method of claim 25, wherein the malignant cancer is carcinoma, melanoma, 
sarcoma, glioma, or blastoma. 

38. An antlsense compound of about 19 nucleobases in length, comprising at least 
35 an 5-nucteobase portion of the sequence set forth in SEQ ID NO: 7 or SEQ ID 
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NO: 8, which inhibits expression of the semaphorin as defined in any of the 
claims 9-13. 

39. A peptide compound as defined in the claims 1 8-22, capable of binding a 
5 proprotein convertase and thereby inhibiting thB activity of said convertase. 

* 

40. An Isolated polyclonal antibody compound as defined in the claims 23-26. 
natural or artificial variants thereof, or antibody fragments thereof, which 
specifically binds to an epitope located within a sequence of about 10 to about 

10 60 amino acids in length located in the structural domain of the semaphorin as 

defined In any of the claims 9-13 comprising a proprotein convertase cleavage 
site RXK/RR. and thereby inhibiting the cleavage of said semaphorin at said 
cleavage site. 

15 41 . An isolated monoclonal antibody compound as defined in the claims 23-26, 
*■ — natural or artificial variants thereof, or peptide fragments thereof* which 

specifically binds to an epitope located Within a sequence of about 1 0 to about 
50 amino acids in length located In the structural domain of the semaphorin of 
. any of the claims 9-1 3 comprising a proprotein convertase cleavage site 
20 RXK/RR, and thereby inhibiting the cleavage-of said semaphorin at said 

cleavage site. 

42. A peptide compound as defined in the claims 29 and 30 derived from the 
sequence of a semaphorin as defined in any of the claims 9-1 3, or variants 
25 thereof, capable of binding the Plexin A1 , Plexin A2 or Plexin A3 receptor 

without activating said receptor. 

A3. A peptide compound as defined in the claims 31 and 34 derived from the 
sequence of the ectodomain of Plexin A1 , Plexin A2 or Plexin A3 receptor, or 
30 natural or synthetic variants thereof, capable of binding a polypeptide derived 

from proteolytic cleavage of the semaphorin as defined In any of the claims 9-1 3 
by a proprotein convertase. 

44. A method for producing an antibody raised against the semaphorin as defined in 
35 any of the claims 9-1 3, or natural or artificial variants thereof, or peptide 
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fragments thereof, which specifically binds to an epitope located within a 
sequence of about 10 to about 60 amino acids in length located in the structural 
domain of the semaphorfn as defined in any of the claims 0-1 3, comprising a 
proproteln convertase cleavage site RXK/RR, and thereby inhibiting the 
4 5 cleavage of said protein at said cleavage site. 

45. A hybridoma cell line capable of producing a monoclonal antibody according to 
claim 41. 

1 0 46. Use of the compound as defined in any of the claims 38-43, or combinations 

thereof for the manufacture of a medicament for prevention and/or treatment of 
metastasis of cancer in vivo or tumour progression in vivo and in vitro. 

47. A method for diagnosis of malignant cancer, comprising 

15 . 

. '"' *) assessing the rale of expresslorrof the semaphorin as defined in any of the 
. claims 9-13 In a tumor, and/or 

* 0 : delecting fragments of the semaphorin as defined in any of the claims 0-1 3 
• 20 in a body liquid, such as blood, urea or faeces, anoYor 

iii) measuring the ratio between a full length semaphorin as defined in any of 
the claims 0-13 and peptide fragments of said semaphorin in a tumour 
and/or a body liquid, such as blood, urea or faeces. 

25 

48. A method for prognosis of malignancy of cancer, comprising 

i) assessing the rate of expression of the semaphorin as defined In any of the 
claims 9-13 in a tumor, and/or 

30 

ii) detecting fragments of the semaphorin as defined in any of the claims 9-1 3 
In a body liquid, such as blood, urea or faeces, ancVor 
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iD) measuring the ratio between a full length semaphorin as defined in any of 

the claims 9-13 and peptide fragments of said semaphorin In a tumor and/or 
a body liquid, such as blood, urea or faeces. 

5 49. Use of the compound as defined in any of the claims 38-43, or combinations 

thereof for the manufacture of a kit for clagnosis and/or prognosis of malignancy 
of a tumor. 

50. A method for inhibiting activation of a Plexin receptor in vivo by a fragment of the 
10 semaphorin as defined in any of the claims 9-13 derived from proteolytic 

processing said semaphorin by a proproteln convertase In cancer cells, 
comprising 

I) applying to cancer ceils an agent capable of inhibiting proteolytic cleavage 
15 of said semaphorin by said proproteln convertase. 

51. The method of claim 50, wherein the agent capable of inhibiting proteolytic 
processing of the semaphorin as defined in any of the claims 9-13 is selected 
from the group comprising a peptide as defined in claims 1 8-22, an antibody or a 

20 fragment of antibody as defined in claims 23-26, or commercially available 

inhibitors of serine proteases and/or proproteln convertases. 

52. A method for producing an attractant polypeptide by establishing a cleavage 
product or a variant of a cleavage product from a repulsive polypeptide. 

25 

53. The method of claim 52, wherein the attractant polypeptide is a cleavage 
product or a variant of a cleavage product of a semaphorin as defined in any of 
the claims 9-13. 

i 

30 54. The method of claim 52, wherein the attractant polypeptide is a polypeptide 
having an amino acid sequence set forth in SEQ ID NO: 3 or SEQ ID NO:4, 
variants, or fragments, or variants of fragments thereof, established by 
proteolytic cleavage of Sema3E, comprising an amino acid sequence set forth in 
SEQ ID NO:1 , variants, or fragments, or variants oi fragments thereof, or 
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SEMA3E, comprising an amino add sequence set forth In SEQ ID NO:3, 
variants, or fragments, or variants of fragments thereof. 
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FaxNumber : 

EmailAddress : 
<110> LastName : Olesen 
<110> FirstName : Ole 
<110> Middlelnitia! : 
<110> Suffix: 

Application Project 



<120> Title : Method for prevention of metastasis 
<130> AppFlleReference : P6B2 DKOO 
<1 40> CurrentAppNumber : 
<141> CurrentFIIingDate : - - 

Sequence 

<213> OrganismName : mouse Sema3E Genbank#Z93948 
<400> PreSequenceString : 

MAPAGHILTL LLWGHLLELW TPGHSANPSY PRLRLSHKEL LELNRTSIFQ SPLGFLDLHT 60 

MLLDEYQERL FVGGRDLVYS LNLERVSDGY RBYWPSTAV KVEECIMKGK DANECANYIR 
120 

VLHHYNRTHL LTCATGAFDP HCAFIRVGHH SEEPLFHLES HRSERGRGRC PFDPNSSFVS* ~ " 
180 

TLVGNELFAG LYSDYWGRDS AlFRSMGKLG HIRTEHDDER LLKEPKFVGS YMIPDNEDRD * 
240 

DNKMYFFFTE KALEAENNAH TIYTRVGRLC VNDMGGQRJL VNKWSTFLKA RLVCSVPGMN 
300 

GIDTYFDELE DVFLLPTRDP KNPVIFGLFN TTSNIFRGHA VCVYHMSSIR EAFNGPYAHK 360 

EGPEYHWSLY EGKVPYPRPG SCASKVNGGK YGTTKDYPDD AIRFARIDPL MYQPIKPVHK 
420 

KPILVKTDGK YNLRQLAVDR VEAEDGQYDV LFIGTDTGIV LKVITTYNQE TEWMEEVILE 480 

ELQIFKDPAP IISMEISSKR QQLYIGSASA VAQVRFHHCD MYGSACADCC LARDPYCAWD 
540 

GISCSRYYPT GAUAKRRFRR QDVRHGNAAQ QCFGQQFVGD ALDRTEERLA YGIESNSTLL 
600 

ECTPRSLQAK VIWFYQKGRD VRKEEVKTDD RWKMOLGLL FLRVRKSDAG TYFCQTVEHN 
660 

FVHTVRKITL EWEEHKVEG MFHKDHEEER HHKMPCPPLS GMSQGTKPWY KEFLQLIGYS 
720 

NFQRVEEYCE KVWCTDKKRK KLKMSPSKWK YANPQEKRLR SKAEHFRLPR HTLLS 775 
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<212> Type : PRT 
<211> Length: 775 

SequenceName : SEQ ID NO:1 

SequenceDescription : 

Sequence 

<213> OrganismName : human SEMA3E Genbank#NM01 2431 
<400> PreSequenoeString : 

MASAGHIITL LLWGYLLELW TGGHTADTTH PRLRLSHKEL LNLNRTSIFH SPFGFLDLHT 60 

MLLDEYQERL FVGGRDLVYS LSLERISDGY KEIHWPSTAL KMEECIMKGK DAGECANYVR 
120 

VLHHYNRTHL LTCGTGAFDP VCAFIRVGYH LEDPLFHLES PRSERGRGRC PFDPSSSFIS 
180 

TLIGSELFAG LYSDYWSRDA AlFRSMGRLA HIRTEHDDER LLKEPKFVGS YMIPDNEDRD 
240 

DNKVYFFFTE KALEAENNAH AIYTRVGRLC VNDVGGQRIL VNKWSTFLKA RLVCSVPGMN • 

300 _ 

GIDTYFDELE DVFLLPTRDH KNPVIFGLFN TTSNIFRGHA ICVYHMSSIR AAFNGPYAHK 360 

EGPEYHWSVY EGKVPYPRPG SCASKVNGGR YGTTKDYPDD AIRFARSHPL MYQAIKPAHK : 
420 

KPILVKTDGK YNLKQIAVDR VEAEDGQYDV LFIGTDNGIV LKViTIYNQE MESMEEVILE 480 

ELQIFKDPVP IISMEISSKR QQLYIGSASA VAQVRFHHCD MYGSACADCC LARDPYCAWD 
540 

GISCSRYYPT GTHAKRRFRR QDVRHGNAAQ QCFGQQFVGD ALDKTEEHLA YGIENNSTLL 
600 

ECTPRSLQAK VIWFVQKGRE TRKEEVKTDD RWKMDLGLL FLRJLHKSDAG TYFCQ7VEHS 
660 

FVHTVRKITL EWEEEKVED MFNKDDEEDR HHRMPCPAQS SISQGAKPWY KEFLQLIGYS 
720 

NFQRVEEYCE KVWCTDRKRK KLKMSPSKWK YANPQEKKLR SKPEHYRLPR HTLDS 775 



<212> Type: PRT 
<211> Length: 775 

SequenceName : SEQ ID NO:2 

SequenceDescription ; 



Sequence 
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<213> OrganismName : 61 kDa proteolytic fragment of mouse Sema3E 
<4O0> PreSequenceString : 

MAPAGHILTL LLWG HLLELW TPGHSANPSY PRLRLSHKEL LELNRTSIFQ SPLGFLDLHT 60 

MLLDEYQERL FVGGRDLVYS LNLERVSDGY REIYWPSTAV KVEECIMKGK DANECANYIR 
120 

VLHHYNRTHL LTCATGAFDP HCAFIRVGHH SEEPLFHLES HRSERGRGRC PFDPNSSFVS 
180 

TLVGNELFAG LYSDYWGRDS AIFRSMGKLG HIRTEHDDER LLKEPKFVGS YMIPDNEDRD 
240 

DNKMYFFFTE KALEAENNAH TIYTRVGRLC VNDMGGQRIL VNKWSTFLKA RLVCSVPGMN 
300 

GIDTYFDELE DVFLLPTRDP KNPVI FGLFN TTSNIFRGHA VCVYHMSSIR EAFNGPYAHK 360 

EGPEYHWSLY EGKVPYPRPG SCASKVNGGK YGTTKDYPDD AIRFARIDPL MYQPIKPVHK 
420 

KPILVKTDGK YNLRQUWDR VEAEDGQYDV LFJGJOTGIV LKVITIYNQE TEWMEEVILE 480 

ELQIFKDPAP IISMEISSKRtJQLYIdSASA VAQVRFHHCD MYGSACADCC LARDPYCAWD 
540 

GISCSRYYPT GAHAKRRFRR 560 ' ' 

<212> Type : PRT 
<211> Length: 560 

SequenceName : SEQ ID NO:3 

SequenceDescription : 

Sequence 

<21 3> OrganismName : 61 kDa proteolytic fragment of human SEMA3E 
<400> PreSequenceString : 

MASAGHflTL LLWGYLLELW TGGHTADTTH PRLRLSHKEL LNLNRTSJFH SPFGFLDLHT 60 

MLLDEYQERL FVGGRDLVYS LSLERISDGY KEIHWPSTAL KMEECIMKGK DAGECANYVR 
120 

VLHHYNRTHL LTCGTGAFDP VCAFIRVGYH LEDPLFHLES PRSERGRGRC PFDPSSSFIS 
180 

TLIGSELFAG LYSDYWSRDA AIFRSMGRLA HIRTEHDDER LLKEPKFVGS YMIPDNEDRD 
240 

DNKVYFFFTE KALEAENNAH AIYTRVGRLC VNDVGGQRIL VNKWSTFLKA RLVCSVPGMN 
300 

GIDTYFDELE DVFLLPTRDH KNPVI FGLFN TTSNIFRGHA ICVYHMSSIR AAFNGPYAHK 360 
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EGPEYHWSVY EGKVPYPRPG SCASKVNGGR YGTTKDYPDD AIRFARSHPL MYQA1KPAHK 
420 

KP1LVKTDGK YNLKQIAVDR VEAEDGQYDV LFIGTDNGIV LKVIT1YNQE MESMEEVILE 480 
ELQIFKDPVP IISMEISSKR QQLYIGSASA VAQVRFHHCD MYGSACADCC LARDPYCAWD 



G1SCSRYYPT GTHAKRRFRR 560 
<212>Type: PRT 
<211> Length: 560 

SequenceName : SEQ ID NO:4 

SequenceDescription : 

Sequence 



<213> OrganismName : mouse Sema3E Fragment of the mouse Sema3E : a fragment comprising 
a pro-protein convertase cleavage site 
<400> PreSequenceString : 

LARDPYCAWD GISCSRYYPT GTHAKRRFRR QDVRHGNAAQ QCFGQQFVGD 50 
<212> Type : PRT 

<211> Length: 50 _ 
SequenceName : SEQlD"NO:5 
SequenceDescription : 

Sequence 

<213> OrganismName : human SEMA3E: a fragment comprising a pro-protein convertase 
cleavage site 

<400> PreSequenceString : 

LARDPYCAWD OrSCSRYYPT GTHAKRRFRR QDVRHGNAAQ QCFGQQFVGD 50 
<212> Type: PRT 
<211> Length: 50 

SequenceName : SEQ ID NO:6 

SequenceDescription : 

Sequence 



<213> OrganismName : cDNA mouse Sema3E #Z93947 
<400> PreSequenceString : 

aattcggcac gagttcctag aaacgcgcgc gggctcaacc ctgcctgaac tttcctgtaa 60 
acagagcgcl gacaggcggc atccccgctg ggtggatccc gcgccctggc gcaagtggca 1 20 
cttcttgctt ctaattatcg agaggagagg cgaatacgaa ctagctgctc ggcaagtcag 1 80 
tgtcaggagg ctgacttctg ggaggctggc ggggaggctg ggggaagagc tgggggaggc 240 
tgctgctctg cttcgactgt tttctcaatg aatagctggc ggggagactg aagctagcca 300 
cagcctcctc cttcactccg cgtctgggct gacggcgaca gcaccagccc ggacctggct 360 
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ctcaagacgc gctccttgga cggtctcttg ctcogcgctt ctaaccaccg ggcccaaaga 420 
cagaaaggct tagcggatcc aaatattgcc cggcaaatgg cacttgggaa tggtatttto 480 
tgatgacaac cccttctgtt tgtgacaaag cctgtcgccc gccagttgcc cctggaggga 540 
agtactaagl aaaactcaat cctgtcttaa agtgtggctg caggggccag aggagagcca 600 
gcacgcacca tggcacoggc cggacacatc ctcaccttgc tgctctgggg tcacctgctg 660 
gaactctgga ccccaggtca ctccgcgaac ccctcctacc ccaggctacg cctgtcacat 720 
aaagaacttt tggaactgaa taggacttca atatttcaaa gcccccttgg atttcttgat 780 
ctccatacaa tgctgctgga tgagtatcaa gaacggctct ttgtgggagg cagagacctt 840 
gtctattccc tgaacttgga acgagtcagt gacggctaca gagagatata ctggccgagc 900 
acagcagtaa aggtagaaga atgcataatg aaaggaaaag acgcaaatga gtgtgccaat 960 
tatatccggg tfflgcatca dacaacagg acacaccttc tgacctgtgc tactggagct 1 020 
tttgatccac actgtgcctt catcagagtc gggcaccaU cagaggaacc cctgtttcac 1 080 
ctggagtcac acagatctga gagaggaagg ggcagatgtc cttttgaccc caactcclcc 11 40 
tttgtgtcca cgctagttgg gaatgagctg tttgctggac tctacagtga ctattggggc 1200 
agagactogg cgatattccg cagcatgggg aagttaggcc atattcgcac tgagcatgac 1 260 
gatgagcggc tcctgaaaga accaaaattt gtaggttcat atatgattcc tgataacgaa 1 320 
gaccgagatg acaacaaaat gtactttttc tttactgaga aggcgctgga ggcggagaac 1 380 
aacgcccaca cgatctacac ccgagtgggg cggctgtgcg Igaatgacat gggaggacag 1440 
agaatcctgg tgaacaagtg gagcactttc cttaaagcgc ggctggtttg ctcagtgccg 1 500 
ggaatgaatg gaatcgacac atactttgac gaactagagg atgtgttttt actgccgacc 1 560 
agagaiccta agaatccagt gatatttgga ctgtttaata ctaccagcaa tatatttaga 1 620 
ggccatgctg tatgtgtgta tcacatgtca agtatccggg aagcctttaa tggcccatat 1 680 
gctcataaag aaggccctga ataccactgg tcactatatg aaggaaaagt cccctaccca 1 740 
aggcctggtt cctgtgccag caaagtaaac ggaggcaagt atggaaccac caaagattac 1 800 
cccgatgacg ccatccggtt cgcaaggatc gatcctctaa tgtatcagcc caiaaaacct 1 860 
gttcataaaa aaccaatact ggtaaaaaca gatggaaaat acaacctgag gcaacttgcc 1 920 
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gtggatcggg tggaagcgga ggatggccag tatgacgtct tatttattgg gacagacaca 1960 
ggaattgtgc tgaaagtaat cacaatttac aaccaagaaa cagagtggat ggaggaagtc 2040 
attctagagg aacttcaaat attcaaggat ccagccccta tcatttctat ggaaatttct 21 00 
tcaaagagac aacagcttta cattggatea gcctctgctg tggcacaagl cagattecat 2160 
cactgcgaca tgtatggcag tgcttgtgct gactgctgcc tggcicgaga cccgtactgt 2220 
gcctgggatg gcatatcctg ctccaggtac tacccaacag gtgcacacgc aaagaggagg 2280 
ttccgcaggc aggacgttcg gcatggcaac gccgcccaac agtgctttgg acagcaattt 2340 
gttggagacg cgttggacag gactgaagag aggctggctt atggcataga gagcaacagt 2400 
actctgttgg aatgcacccc gcgatcacta caagcaaaag tcatctggtt tgtacagaag 2460 
ggacgcgaog taagaaaaga agaggtgaag acggatgaca gagttgtcaa gatggacttg 2520 
ggcttgctct tcctcagagt acgcaagtca gatgcaggga cctatttttg ccagacagta 25B0 
gaacacaatt ttgtccatac tgtgcgtaaa atcaccttg'g aggtggtcga agagcataaa 2640 
gtggagggca tgtttcataa ggaccatgaa gaggaaagac atcacaagat gccctgccct 2700 
cccttaagcg gtatgtctca ggggacaaaa ccgtggtaca aggaattctt gcagctgatl 2760 
ggctacagca acttccagag agtggaagaa tactgcgaaa aggtgtggtg tacagataag 2820 
aagaggaaaa agcttaaaat gtctccctcc aagtggaagt atgccaaccc ccaggaaaag 2880 
aggcttcgct ctaaagctga gcacttccgc ctgcccaggc acaogctgct ctcctgaggg 2940 
cgccctctgc cggcggctga ggaacctagg atggaaacat ttttttaaag ggggggaaaa 3000 
aaaaaagact gaaagcatgc agtctctttc attacttcaa agaacffict gtagtactga 3060 
gaggctggga aggtgtttta agttattctg catatcatct gactgtacaa acatctctct 3120 
cacagtacta gtacttaaac gagtgtattg ctttaaaagg cttcacctat ttatcaacat 3160 
atgatcgggc tgtaattttg agcttgcttt tcagggaaat tattttgcca ttgggatatg 3240 
tattataatt ataatattaa agaaaaagtt ataggttttc ataatcaaga aaaatgtaaa 3300 
actctttctg gagttttttc ttttttcttt tc c t ctl tgc agccataagg taaaatatac 3360 
agaatatcag atattgtaga attatcgtgt gagctttctg gtcagttgtt gatttttttt 3420 
tttaagccat aagttgtatg tagctgtgtt gtggttgcta taaactgtac aagaaatctg 3480 
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caacccatcc attctgaggc ttgttctctt catgaaacac tcactaaact atattaagaa 3540 

tatttctgtt ttataaacaa gacatatctt ttaaatttca cttcagtgtg gaaggatgga 3600 

agatagcctc tcagaaagat atmtaaat agtttcaaac catgaaagta gaattctgtt 3660 

aaaaacgglc tgtgcttccc tcttgtggta caagaaggca ttcgatctct caatgctgtt 3720 

tccataattt tcctcgaatg acttgaaaac aaaatgtagt agatacatct agttcactat 3780 

tcagaagact caattaaaaa ataattttat ataataattt aatatggaaa tagcatgctt 3840 

ctggttaatt cattacttca caacaaacog aagatgttaa dgcatttga gctttgaaat 3900 

agaagaaagt acctttccag tcctaccctg agacaagaca ctctgaaagt gtgctttacc 3950 

cgcaaagaaa ttatcaacga ttcttttctc agaaatgaaa icttcctatt ttatatttac 4020 

Itcttggatt cgttttacta ctgacatctt tagagaatca ttatctttgt cttatgaata 4080 

taatcaaaat ttatattttt cagaatgttt atttcttgag atttttcttc tctgtatttt 4140 

"aaagagccag cagriEcgt tctaaaalat gattttlatg aggcttttca gttcggtaag 4200 

agtaacgcaa gtggattgta ataagaacaa ttatgaatac gtattcagac ttaaatttaa 4260 

ctattatgtc agctatctca gtatgctata taattaagaa tataaagtgt tgagaacttc 4320 

taatggattt ctttttctgt ctaaaattag gtactacata aatattccac aattttcaaa 4380 

ttttaaaatt ttggaaattt taaagtccag aatttctaaa acatataact agtatgaata 4440 

aagagaatgt tgacatccte 4460 

<212>Type:DNA 

<211> Length : 4460 

SequenceName : SEQ ID NO:7 

SequenceDescrfptfon : 

Custom Codon 

Sequence Name : SEQ ID NO:7 
Sequence 

<213> OrganismName : cDNA mouse Sema3E #Z80941 
<400> PreSequenceStrlng : 

atggcaccgg ccggacacat cctcaccttg ctgctctggg glcacctgct ggaactctgg 60 
accccaggtc actccgcgaa cccctcctac cccaggctac gcctgtcaca taaagaactt 1 20 
Uggaactga ataggacttc aatatttcaa agcccccttg gatttcttga tctccataca 1 80 
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atgctgctgg atgagtatca agaacggctc tttgtgggag gcagagacct tgtctaltcc 240 
ctgaacttgg aacgagtcag tgacggctac agagagatat actggccgag cacagcagta 300 
aaggtagaag aatgcataat gaaaggaaaa gacgcaaatg aglgtgccaa ttatatccgg 360 
gttttgcatc actacaacag gacacacctt ctgacctgtg ctactggagc ttttgatcca 420 
cactgtgcct tcatcagagt cgggcaccat tcagaggaac ccctgtttca cctggagtca 480 
cacagatctg agagaggaag gggcagatgt ccttttgacc ccaactcctc ctttgtgtcc 540 
acgctagttg ggaatgagcl gtttgctgga ctctacagtg actattgggg cagagactcg 600 
gcgatcttcc gcagcatggg gaagttaggc catattcgca cigagcatga cgatgagcgg 660 
ctcctgaaag aaccaaaatt tgtaggttca talatgattc ctgataacga agaccgagat 720 
gacaacaaaa tgiacttttt ctttactgag aaggcgctgg aggcggagaa caacgcccac 780 
acgatctaca cccgagtggg gcggctgtgc gtgaatgaca tgggaggaca gagaatcctg 840 
gtgaacaagt ggagcacttt ccttaaagcg cggctggttt gctcagtgcc gggaatgaat 900 
ggaatcgaca catactttga cgaactagag gatgtgtttt tactgccgac cagagatcct 960 
aagaatccag tgatatttgg actgtttaat adaocagca atatatttag aggccatgci 1020 
gtatgtgtgt atcacaigtc aagtatccgg gaagccttta atggcccata tgctcataaa 1 080 
gaaggccctg aataccactg gtcactatat gaaggaaaag tcccctaccc aaggcctggt 11 40 
tcctgtgcca gcaaagtaaa cggaggcaag tatggaacca ccaaagatta ccccgatgac 1200 
gccatccggt tcgcaaggat cgatcctcta atgtatcagc ccataaaacc tgttcataaa 1 260 
aaaccaatac tggtaaaaac agatggaaaa tacaacctga ggcaacttgc cgtggatcgg 1 320 
gtggaagcgg aggalggcca gtatgacgtc ttalttaltg ggacagacac aggaattgtg 1 380 
ctgaaagtaa tcacaattta caaccaagaa acagagtgga tggaggaagt cattctagag 1440 
gaacttcaaa tattcaagga tccagcccct atcatttcta tggaaatttc ttcaaagaga 1500 
caacagcttt acattggatc agcctctgct gtggcacaag tcagattcca tcactgcgac 1 560 
atgtatggca gtgcttgtgc tgactgctgc ctggctcgag acccgtactg tgcctgggat 1 620 
ggcatatcct gctccaggta ctacccaaca ggtgcacacg caaagaggag gttccgcagg 1680 
caggacgttc ggcatggcaa cgccgcccaa cagtgctttg gacagcaatt tgttggagac 1740 
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gcgttggaca ggactgaaga gaggctggct tatggcatag agagcaacag tactctgttg 1800 

gaatgcaccc cgcgatcact acaagcaaaa gtcatctggt ttgtacagaa gggacgcgac 1 860 

gtaagaaaag aagaggtgaa gacggatgac agagttgtca agatggactt gggcttgctc 1 920 

ttcctcagag tacgcaagtc agatgcaggg acctattttt gccagacagt agaacacaat 1 980 

tttgtccata ctgtgcgtaa aatcaccttg gaggtggtcg aagagcataa agtggagggc 2040 

atgtttcata aggaccatga agaggaaaga catcacaaga tgccctgccc tcccttaagc 2100 

ggtatgtctc aggggacaaa accgtggtac aaggaattct tgcagctgat tggctacagc 21 60 

aacttccaga gagtggaaga atactgcgaa aaggtgtggt gtacagataa gaagaggaaa 2220 

aagcttaaaa tgtctccctc caagtggaag tatgccaacc cccaggaaaa gaggcttcgc 2280 

tctaaagctg agcacttccg cctgcccagg cacacgctgc tctcctga 2328 

<212>Type:DNA 

<211> Length: 2328 

SequenceName : SEQ ID NO:8 

SequenceDescriptlon : 

Custom Co.don 

Sequence Name : ( SEQ ID NO: 8 
Sequence 

<213> OrganlsmName : cDNA mouse Sema3E #293948 
<400> PreSequenceString : 

aattcggcac gagttcctag aaacgcgcgc gggctcaacc ctgoctgaac tttcctgtaa 60 
acagagcgct gacaggcggc atcccogctg ggtggatccc gcgccctggc gcaagtggca 1 20 
cttcttgctt ctaattatcg agaggagagg cgaatacgaa ctagctgctc ggcaagtcag 1 80 
tgtcaggagg ctgacttctg ggaggctggc ggggaggctg ggggaagagc tgggggaggc 240 
tgctgctctg cttcgactgt tttctcaatg aatagctggc ggggagactg aagctagcca 300 
cagcctcctc cttcactccg cgtctgggct gacggcgaca gcaccagccc ggacctggct 360 
ctcaagacgc gctccttgga cggtctcttg ctccgcgctt ctaaccaccg ggcccaaaga 420 
cagaaaggct tagcggatcc aaatattgcc cggcaaatgg cacttgggaa tggtattttc 480 
tgatgacaac cocttctgtt tgtgacaaag cctgtcgccc gccagttgcc cctggaggga 640 
agtactaagt aaaactcaat cctgtcttaa agtglggctg caggggccag aggagagcca 600 
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gcacgcacca tggcaccggc cggacacatc ctcaccttgc tgctctgggg tcacctgdg 660 
gaactctgga ccccaggtca ctccgcgaac ccctcclacc ccaggctacg cctgtcacat 720 
aaagaacttt tggaactgaa taggacttca atatttcaaa gcccccttgg atttcttgat 760 
ctccatacaa tgctgclgga tgagtatcaa gaacggctct ttgtgggagg cagagacctt 840 
gtctattccc tgaacttgga acgagtcagt gacggctaca gagagatata ctggccgagc 900 
acagcagtaa aggtagaaga atgcataatg aaaggaaaag acgcaaatga gtgtgccaat 960 
latatccggg ttttgcatca ctacaacagg acacaccttc tgacctgtgc tactggagct 1020 
tttgatccac actgtgccit catcagagtc gggcaccatt cagaggaacc cctgtttcac 1 080 
ctggagtcac acagatclga gagaggaagg ggcagatgtc cttttgaccc caactcctcc 1 140 
tttgtgtcca cgctagttgg gaatgagctg tttgctggac tctacagtga ctattggggc 1200 
agagactcgg cgatcttccg cagcatgggg aagttaggcc atattcgcac tgagcaigac 1 260 
gatgagcggc tcctg aaaga accaaaattt gtaggttcat-atatgattcc tgataacgaa 1 320 
gaccgagatg acaacaaaat gtactttttc tttactgaga aggcgctgga ggcggagaac 1 380 
aacgcccaca cgatctacac ccgagtgggg cggctgtgcg tgaatgacat gggaggacag 1440 
agaatcclgg tgaacaagtg gagcactttc cttaaagcgc ggctggtttg ctcagtgccg 1 500 
ggaatgaatg gaatcgacac atactttgac gaactagagg atgtgttttt actgccgacc 1 560 
agagatccta agaatccagt gatatttgga ctgtttaata ctaccagcaa tatatttaga 1620 
ggccatgctg tatgtgtgta tcacatgtca agtatccggg aagcctttaa tggcccatat 1680 
gctcataaag aaggccctga ataccactgg tcactatatg aaggaaaagt cccctaccca 1 740 
aggcctggtt cctgtgccag caaagtaaac ggaggcaagt atggaaccac caaagattac 1 800 
cccgatgacg ccatccggtt cgcaaggatc gatcctctaa tglatcagcc cataaaacct 1 860 
gttcataaaa aaccaa tact ggtaaaaaca gatggaaaat acaacctgag gcaacttgcc 1 920 
gtggatcggg tggaagcgga ggatggccag tatgacgtct tatttattgg gacagacaca 1 980 
ggaattgtgc tgaaagtaat cacaatttac aaccaagaaa cagagtggat ggaggaagtc 2040 
attctagagg aacttcaaat attcaaggat ccagccccta tcatttctat ggaaatttct 21 00 
tcaaagagac aacagcttta cattggatca gcctctgctg tggcacaagt cagattccat 21 60 
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cactgcgaca tgtatggcag tgctlgtgct gactgctgcc tggctcgaga cccgtactgt 2220 
gcctgggatg gcatatcctg ctocaggtac tacocaacag gtgcacacgc aaagaggagg 228D 
ttccgcaggc aggacgttcg gcatggcaac gccgcccaac agtgctttgg acagcaattt 2340 
* gttggagacg cgttggacag gactgaagag aggctggctt atggcataga gagcaacagt 2400 

adctgttgg aatgcacccc gcgatcacla caagcaaaag tcatctggtt tgtacagaag 2460 
ggacgcgacg taagaaaaga agaggtgaag acggatgaca gagttgtcaa gatggacttg 2520 
ggcttgctct tcctcagagt acgcaagtca gatgcaggga cctatttttg ccagacagta 2560 
gaacacaatt tlgtccatac tgtgcgtaaa atcaccttgg aggtggtcga agagcataaa 2640 
gtggagggca tgtttcataa ggaccatgaa gaggaaagac atcacaagat gccctgccct 2700 
cccttaagcg gtatgtctca ggggacaaaa ccgtggtaca aggaattctt gcagctgatt 2760 
ggctacagca acttccagag agtggaagaa tactgcgaaa aggtgtggtg tacagataag 2820 
_ _ 5ag B g^55jf5gajj5j5 fjHcfee&'aagtgg^^ ~~288cT 
aggcttcgct ctaaagctga gcacttocgc ctgcccaggc acacgctgct ctoctgaggg 2940 
cgccctctgc cggcggctga ggaacctagg atggaaacat ttttttaaag ggggggaaaa 3000 
aaaaaagact gaaagcatgc agtctctttc attacttcaa agaactttct gtagtactga 3060 
gaggctggga aggtgtttta agttattctg catalcatct gacigtacaa acatclctet 3120 
cacagtacta gtacttaaac gagtgtattg ctttaaaagg cttcacctat ttatcaacat 31 80 
atgatcgggc tgtaattttg agcttgcttt tcagggaaat tattttgcca ttgggatatg 3240 
lattataatt ataatattaa agaaaaagtt ataggttttc ataatcaaga aaaatgtaaa 3300 
actctttctg gagttttttc ttttttcttt tcctctttgc agccataagg taaaatatac 3360 
agaatatcag atattgtaga attatcgtgt gagctttctg gtcagttgtt gatttttttt 3420 
tttaagccat aagttgtatg tagctgtgtt gtggttgcla taaaclglac aagaaatctg 3480 
caacccatcc attctgaggc ttgttctctt catgaaacac tcactaaact atattaagaa 3540 
tafttctgtt ttataaacaa gacatatctt ttaaatttca cttcagtgtg gaaggatgga 3600 
agatagcctc tcagaaagat atttttaaat agtttcaaac catgaaagta gaattctgtt 3660 
aaaaacggtc tgtgcttccc tcttgtggta caagaaggca ttcgatctct caatgctgtt 3720 
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tccataattt tcctcgaatg acttgaaaac aaaatgtagt agatacatct agttcactat 3780 

tcagaagact caattaaaaa ataattttta tataattaag aafataaagt gttgagaact 3640 

tctaatggat ttctttttct gtctaaaatt aggtactaca taaatattcc acaattttca 3900 

aattttaaaa ttttggaaat tttaaagtcc agaatttcta aaacatataa ctagtatgaa 3960 

taaagagaat gttgacatcc tc 3982 
<212> Type : DNA 
<211> Length : 3982 

SequenceName : SEQ ID NO:9 

SequenceDescription : 

Custom Codon 

Sequence Name : SEQ ID NO:9 
Sequence 

<213> OrganjsmName : cDNA human SEMA3E #NM012431 
<400> PreSequenceStiing : 

gfflggcaag tcagtgcaa^r^0ctgactt^agag~g^ — 60 ~ 
acctccacgg gagaagggag tgcgtgtgct cggttttttt tttttctotc tttttttttt 1 20 
ttttttctga atgaacagct ttgcccaagt gactgaaaaa tacagcttct tcctgaatct 180 
accggcgtag ttgctgaaga gcgctctaga caggacatgg ctctgaagac tcactctttg 240 
gaatgtcctc ttgctcccgg cttataaaca actgtcccga ggaaagaaag gttttacata 300 
gccaaataca gcctgacaaa tggcacftcg gaactgtgct ttctgatgac aacgcgttcg 360 
atttctgaca aagcctctcg cacgctgccc dggagggaa gtcctaagta aaactcagac 420 
cctccttaaa gtgaggagcg agggcttgga cggtgaacac ggcagcatgg catccgcggg 480 
gcacattatc accttgctcc tgtggggtta cttactggag ctttggacag gaggtcatac 540 
agctgatact acccaccccc ggttacgcct gtcacataaa gagctcttga atctgaacag 600 
aacatcaata tttcatagcc cttttggatt tcttgatctc catacaatgc tgctggatga 660 
atatcaagag aggctcttcg tgggaggcag ggaccttgta tattccctca gcttggagag 720 
aatcagtgac ggctataaag agatacactg gccgagtaca gctctaaaaa tggaagaatg 780 
cataatgaag ggaaaagatg cgggtgaatg tgcaaattat gttcgggttt tgcateacta 840 
taacaggaca caccttctga cctgtggtac tggagctttt gatccagttt gtgccttcat 900 
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cagagttgga tatcatttgg aggatcctct gtttcacctg gaatcaccca gatctgagag 960 
aggaaggggc agatgtcctt tfgaccccag ctcctccttc atctacactt taattggtag 1 020 
tgaattgttt gctggactct acagtgacta ctggagcaga gacgctgcga tcttccgcag 1 080 
catggggcga ctggcccata tccgcactga gcatgacgat gagcgtctgt tgaaagaacc 1 140 
aaaatttgta ggttcataca tgattcciga caatgaagac agagatgaca acaaagtata 1 200 



<212>Type:DNA 
<211> Length : 1200 

SequenceName : SEQ ID NO:10 

SequenceDescription : 

Custom Cod on 



Sequence Name : SEQ ID NO:10 
Sequence 



^13>Orgahrsml>Jame : : Plelan7Vf*Gen6ank#X87832:2:^ECTOd6main :* — 
<4Q0> PreSequenceString : 

CVQL7VQPRN VSVTMSQVPL VLQAWNVPDL SAGVNCSFED FTESESVLED GRIHCRSPSA ' 
60 

REVAPITRGQ GDQRWKLYG KSKETGKKFA SVDFVFYNCS VHQSCLSCVN GSFPCHWCKY- 
120 

RHVCTHNVAD CAFLEGRVNV SEDCPQILPS TQ1YVPVGW KPITLAARNL PQPQSGQRGY 
180 

ECLFHIPGSP ARVTALRFNS SSLQCQNSSY SYEGNDVSDL PVNLSWWNG NFVIDNPQNI 
240 

QAHLYKCPAL RESCGLCLKA DPRFECGWCV AERRCSLRHH CAADTPASWM HARHGSSRCT 
300 

DPKILKLSPE TGP RQGGTRL TITGENLGLR FEDVRLGVRV GKVLCSPVES EYfSAEQIVC 360 

EIGDASSVRA HDALVEVCVR DCSPHYRALS PKRFTFVTPT FYRVSPSRGP LSGGTWIGIE 
420 

GSHLNAGSDV AVSVGGRPCS FSWRNSREIR CLTPPGQSPG SAPIflNJNR AQLTNPEVKY 
480 

NYTEDPTILR IDPEWSINSG GTLLTVTGTN LATVREPRIR AKYGGIEREN GCLVYIMDTTM 540 

-t VCRAPSVANP VRSPPELGER PDELGFVMDN VRSLLVLNST SFLYYPDPVL EPLSPTGLLE 

600 
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LKPSSPULK GRNLLPPAPG NSRLNYTVLI GSTPCTLTVS ETQLLCEAPN LTGQHKVTVR 660 

AGGFEFSPGT LQVYSDSLLT 680 
<212>Type : PRT 
<211> Length: 680 

SequenceName : SEQ ID NO:11 

SequenceDescription : 

Sequence 

<213> OrganismName : Plexin A2 Genbank#BAA32308: ECTO domain 
<400> PreSequenceStrlng : 

CVSLWHPSS ISVSEHSRLL SLWSDAPOL SAGIACAFGN LTEVEGQVSG SQVICISPGP 60 

KDVPVIPLDQ DWFGLELQLR SKETGKIFVS TEFKFYNCSA HQLCLSCVNS AFRCHWCKYR 
120 

NLCTHDPTTC SFQEGRINIS EDCPQLVPTE BLIPVGEVK PITLKARNLP QPQSGQRGYE 180 

CVLNIQGAIH RVPALRFNSS SVQCQNSSYQ YDGMDISNLA VDFAWWNGN FHDNPQDLK 
240 

VHLYKCAAQR ESCG tCLKAD RKFECGWCSG ERRCTLHQHC TSPSSPWLDW SSHNVKCSNP 
300 

QITEILTVSG PPEGGTRVTI HGVNLGLDFS EIAHHVQVAG VPCTPLPGEY IIAEQIVCEM 360 

GHALVGTTSG PVRLCIGECK PEFMTKSHQQ YTFVNPSVLS LNPIRGPESG GTMVTITGHY . 
420 

LGAGSSVAVY LGNQTCEFYG RSMSEIVCVS PPSSNGLGPV PVSVSVDRAH VDSNLQFEYI 
480 

DDPRVQRIEP EWSIASGHTP LTITGFNLDV IQEPRIRVKF NGKESVNVCK WNTTTLTCL 540 
APSLTTDYRP GLDTVERPDE FGFVFNNVQS LLIYNDTKFI YYPNPTFEUL SPTGVLDQKP 600 
GSPIILKGKN LCPPASGGAK LNYTVLIGET PCAVTVSETQ LLCEPPNLTG QHKVMVHVGG 



MVFSPGSVSV ISDSLLT 677 
<212> Type: PRT 
<211> Length: 677 

SequenceName : SEQ ID NO:12 

SequenceDescription : 

Sequence 



<213> OrganismName : Piexln A3 Genbank#P51805: ECTO domain 
<400> PreSequenceString : 

GFAEELSKCV QVRVRPNNVS VTSPGVQLTV TLHNVPDLSA GVSCAFEAAA ENEAVLLPSG 
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ELLCPSPSLQ ELRALTRGHG ATRTVRLQLL SKETGVRFAG ADFVFYNCSV LQSCMSCVGS 
120 

PYPCHWCKYR HTCTSRPHEC SFGEGRVHSP EGCPEILPSG DIXIPVGVMQ PLTLRAKNLP 
180 

QPQSGQKNYE CWRVQGRQO RVPAVRFNSS SVQCQNASYS YEGDEHGDTE LDFSWWDGD 
240 

FPIDKPPSFR ALLYKCWAQR PSCGLCLXAD PRFNCGWCIS EHRCQLRTHC PAPKTNWMHL 
300 

SGKGTRCSHP RITQIHPLVG PKEGGTRVTI VGENLGLLSR EVGLRVAGVR CNSIPAEYIS 360 

AERIVCEMEE SLVPSPPPGP VELCVGDCSA DFRTQSEQW SFVTPTFDQV SPSRGPASGG 
420 

TRLTISGSSL DAGSRVTVTV RDSECQFVRR DAKAIVCISP LSTLGPSQAP ITLAIDRANI 480 
SSPGLIYTYT QDP7VTRLEP TWSIINGSTA nVSGTHLLT VQEPRVRAKY RGIETTNTCQ 540 

VINDTAMLCK APGIFLGRPQ PRAQGEHPDE FGFLLDHVQT ARSLNRSSFT YYPDPSFEPL 

60d " " — ~ — " 

GPSGVLDVKP GSHVVLKGKN LIPAAAGSSR LNY7VLIGGQ PCSLTVSDTQ LLCDSPSQTG 
660 

RQPVMVLVGG LEFWLGTLHI SAEF5ALT .687 
<212>Type: PRT 
<211> Length: 687 

SequenceName : SEQ ID NO: 13 

SequenceDescription : 

Sequence 

<213> OrganismName : SEMA 3E sense primer 
<400> PreSequenceString : 

cgggatccat ttttttaoga aa 22 
<212> Type : DNA 
<211> Length: 22 

SequenceName : SEQ ID NO:14 

SequenceDescription : 

Custom Codon 



Sequence Name : SEQ tD NO: 14 
Sequence 



<213> OrganismName : SEMA 3E antisense primer 
<400> PreSequenceString : 

gcggatcctc ccagccatag gtc 23 
<212> Type: DNA 
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<211> Length: 23 

SequenceName : SEQ ID NO:15 
SequenceDescriptlon : 

Custom Codon 



Sequence Name : SEQ ID NO: 15 
Sequence 

<213> OrganlsmName : sema 3A anlisense primer 

*400> PreSequenceString : 

acatgcacac agcagatccc 

<212>Type:DNA 

<211> Length: 20 

SequenceName : SEQ ID NO;16 

SequenceDescription : 

Custom Codon 



Sequence Name : SEQ ID NO:16 

- "Sequencer* 



<213> OrganlsmName : sema 3A sense primer 

<400> PreSequenceString : 

ggaagagccc ttatgatccc 

<212>Type:DNA 

<211> Length : 20 

SequenceName : SEQ ID NO: 17 

SequenceDescription : 

Custom Codon 



Sequence Name : SEQ ID NO: 17 
Sequence 



<213> OrganlsmName : sema 3B antisense primer 

<400> PreSequenceString : 

caactccagg tactgagcac 

<212>Type:DNA 

<211> Length: 20 

SequenceName : SEQ ID NO: 18 

SequenceDescription : 

Custom Codon 



Sequence Name : SEQ ID NO:18 
Sequence 

<213> OrganlsmName : sema 3B sense primer 
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<400> PreSequenceString : 

aatgcaactg ggcagggaag 20 
<212>Type : DNA 
<211> Length: 20 

SequenceName : SEQ ID NO:19 

SequenceDescription : 

Custom Codon 



Sequence Name : SEQ ID NO:19 
Sequence 

<213> OrganismName : sema 3C antfsense primer 
<400> PreSequenceString : 

tacacacaca ctgccgatcc 20 
<212> Type: DNA 
<211> Length; 20 

SequenceName : SEQ ID NO:20 

SequenceDescription : 

Custom Codon 



Sequence Name : SEQ ID NO:20 
Sequence 

<213> OrganlsmName : sema 3C sense primer 
<400> PreSequenceString : 

ctcacctgta tgtctgtggg 20 
<212>Type: DNA 
<211> Length: 20 

SequenceName : SEQ ID NO:21 

SequenceDescriplion : 

Custom Codon 



Sequence Name : SEQ ID NO:21 
Sequence 



<213> OrganismName : sema 3E sense primer 
<400> PreSequenceString : 
agaggagggc ccgccgccac catggcacc 
<212> Type: DNA 
<211> Length: 29 

SequenceName : SEQ ID NO:22 

SequenceDescription : 

Custom Codon 



Sequence Name : SEQ ID NO:22 
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Sequence 



<213> OrganismNarne : sema 3E antissnse primer stop codon 
<400> PreSequenceString : 

cggcagaggg ggccctcagg agagcagcg 29 
<212> Type : DNA 
<211> Length: 29 

SequenceName : SEQ ID NO: 23 

SequenceDescription : 

Custom Codon 



Sequence Name : SEQ ID NO:23 
Sequence 



<213> OrganismName : sema 3E antissnse prtrnen read through 
<400> PreSequenceString : 

gggcccgcgc cctcgggaga gcagcgtgtg 30 
<212> Type: DNA 
<211> Length: 30 

SequenceName : SEQ ID NO:24 

SequenceDescription : 

Custom Codon 



Sequence Name : SEQ ID NO:24 
Sequence 



<21 3> OrganismName : sema 3E sense primer mutated proteolytic site 
<400> PreSequenceString : 

ttcggcgggc aggacgttcg gcatggcaac gcc 33 
<212> Type: DNA 
<211> Length: 33 

SequenceName : SEQ ID NO:25 

SequenceDescription : 

Custom Codon 



Sequence Name : SEQ ID NO:25 
Sequence 



<213> OrganismName : sema 3E antisense primer mutated proteolytic site 
<400> PreSequenceString : 

gcttctcttt gcgtgtgcac ctgttgggta gta 33 
<212> Type: DNA 
<211> Length: 33 

SequenceName : SEQ ID NO:28 

SequenceDescription : 

Custom Codon 
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Sequence Name : SEQ ID NO:26 
Sequence 

<213> OrganlsmName : sema 3E sense primenPstl linker 
<400> PreSequenceString : 

ctgcagaggc tacgcctgtc acataaagaa c 31 
<212> Type : DNA 
<211> Length : 31 

SequenceName : SEQ ID NO:27 

SequenceDescription : 

Custom Codon 



Sequence Name : SEQ ID NO:27 
Sequence 

<213> OrganismName : sema 3E antisense primer Apal linker 
<400> PreSequenceStrlng : 



<212> Type: DNA 

<211> Length : 31 

SequenceName : SEQ ID NO:28 
SequenceDescription : 



Custom Codon 



Sequence Name : SEQ ID NO:28 
Sequence 

<213> OrganismName : sema 3E sense primer: Pstl site 
<400> PreSequenceString : 
ggtcactctg caggcccctc ctacgccag 
<212> Type : DNA 
<211> Length : 29 

SequenceName : SEQ ID NO:29 

SequenceDescription : 

Custom Codon 



Sequence Name : SEQ ID NO:29 
Sequence 



<213> OrganismName : sema 3E antisense prlmenNotl site 
<400> PreSequenceString : 

gggcggccgc tccctcgggg g 21 
<212> Type ; DNA 
<211> Length : 21 

SequenceName : SEQ ID NO:30 



gggccctagt gcacctgttg ggtagtacct g 



31 
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SequenceDescriptfon : 
Custom Codon 

Sequence Name : SHQ ID NO:30 
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